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Read before the ROVAL. SOCIETY, Feb. 25, 1790- 


INTRODUCTION. 


\HE trigonometrical operation which becomes the ſubject 


of the preſent Paper, had its commencement, as will 
by 1 in the meaſurement of a baſe on Hounſlow- 
Heath in 1784, an account of which was given to the Royal 


Society in the following year. 


Ou che cumpletiovn of that firſt part of the buſineſs, it was 


little expected, that nearly three full years would have clapſed 
before, even in this country, an inſtrument could be obtained 
for taking the angles 


In the ſpring of 1787, there were SPY appearances, that 


Mr. RaMsDEN would have enabled us to embrace the early 


part of the ſeaſon, by proceeding with the execution of the 


main deſign; and therefore Sir Joskyn Banks had opened 


(through the official intercourſe of his Majeſty's Secretary of 
State, the Marquis of CARMARTHEN, with the Ambaſſador 
at the Court of France) a correſpondence with the Academy of 


Sciences, regarding the co-operation expected on their part, 
for connecting the triangles which we were now preparing to 


extend 
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Fl Gen. Roy's Account of 
extend along the Engliſh coaſt, with thoſe formerly execute: 
on the coaſt of e oppoſite to Dover. And Dr. BLAG. 
pkEN {who for th 11s purpoſe conſented to lay aſide his 1 Intentio: 
of making a tou” tr gt Oe rmany t that ſummer) had engage 


to aiſtin the buſmeſs, on the appointment of the Roy at; 
ciety, whenever We ſhould be enabled to align any achle 
time, for the different parties to repair to their reſpective coalts, 
for the aforeſaid CO- operation. 5 
About the ſame time likewiſe, a Paper was laid before the 
Royal Society, intended as a ſketch of the mode propoſed tc 
be followed in carrying the ſcheme into execution; for Which 
purpoſe it was accompanied with a general map, ſhewing 
nearly the diſpoſition of the triangles, and oatuinig alſo va- 
rious inveſtigations concern ug! the figure of the earth, Where On, 
it is hoped, the reſult if the pretent operation will thro! * ſors 
additional light. | 


AC 


| 4 C 1 
For ſeveral months of tl 


1e ſpring and ſummer of 17 787. Mg. 
RamsDEN had been ſeriouſly at work in e to finiſh 
the inſtrument. Not having emp 18 5 a ſufficient number ot 
workmen upon it at the out tet, it was now evident, that 
had even deceived himſelf, by di too much to be FR al 
| the latter end. At lengt! $ how cyer, the luſtrument was Pro 
duced, and placed on the 31ſt of July at the ſtation nea: 
Hampton Poor- houſe, on the very ſpot where, about thirty- 
five months before, the meaſurement- of the baſe had bect 
compleated. | 

By commencing an operation of this nature, at fo advanced 
a ſeaſon of the year, it was ſufficiently obvious, that only very : 
faint hopes could be entertained of bringing it to a evnEhlon 
before the bad weather would ſet in. But it bei ing of much 
importance to get the triangles, which extend 8 1 


rs Channel, 
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Channel, at all events executed, it was therefore propoſed to 
Comte vt CAssINI, who by this time had been appointed by the 
Academy of Sciences to ſuperintend their part of the buſineſs, 


that he ſhould fix the time that might ſuit him beſt for our . 


meeting on the coaſt; that we would then diſcontinue the ope- 
ration to the weſtward, and, having in concert executed the 
coaſt triangles, we would reſume the inland parts of our own 
ſeries at ſome more convenient opportunity. | 
This propoſition being readily acceded to by Comte DE 
CassIN1, the 2oth of. September was appointed for our re- 
pairing to the coaſts of Dover and Calais reſpectively. 


In the mean time our operation was continued, with all ima- 
ginable care and aſſiduity, through the firſt ten ſtations of 
the ſeries of triangles from Hampton Poor-houſe to that at 


Wrotham Hill incluſively. 


The inſtrument, and the various ; parts of the” apparatus, - 
were then removed to Dover, at which place Meſſ. DE CassfxI, 
 Mecnain, and LE GENDRE, three diſtinguiſhed Members of 


the Academy of Sciences, arrived on the 23d of September. 
In the courſe of two days that theſe Gentlemen honoured us 
with their company at Dover (and we regretted exceedingly 


that the lateneſs of the ſeaſon did not admit of our enjoying 
that pleaſure for a much longer period) every thing was ſettled 
in the moſt amicable manner Poſſible, with regard to the times 


of reciprocal obſervation, 


A great number of white bm fitted for long Gurs, . 

and ſeveral reverberatory lamps had been previouſly provided. 
Having been ſupplied with ſuch a proportion of the lights as 
ſeemed neceſſary for their fide of the channel, and one of the 
lamps, the French Gentlemen departed for Calais on the 25th, 
W wy” Dr. BLAGDEN, who attended them during the 


B 


| time 
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time of the co-operation, until it was finally cloſed on the 17th 


of October. . 

For the greater part of the time, the weather was extremely 
bad; nevertheleſs, on the particular nights when the moſt im- 
portant obſervations on our ſide were made, namely, thoſe at 


Dover and Fairlight Down, the nights happened very fortu- 


nately to be favourable, ſo as to enable us to interſect, with 
great accuracy, the two diſtant points on the French coaſt of 
Blancnes and Montlambert *, and thereby to eſtabliſh for ever, 
the triangular connection between the two countries. 


The Duke of Ricumony, Maſter General of his Majeſty" = 


: Ordnance, had, in the moſt liberal manner poſlible, given 


every aſſiſtance to the operation (from that great department 
over which he preſides with ſo much honour to himſelf and 
advantage to the publick) by furniſhing an officer and a de- 


tachment of artillery-men for the work ; ordering the laboratory 


at Woolwich + to ſupply whatever fire-works might be wanted 


for ſignals; and temporary ſcaffolds to be erected at Greenwich 


Obſervatory, Shooter's Hill, and Dover Caſtle, for the reception 5 
of the inſtrument. But what was ſtill of more importance than 
any of theſe, his Grace had permitted Lieut. FipDzs (one of the 


| engineers on the furvey then under my direction) to be em- 
ployed, in the ſummers of 1786 and 178), in making a very 
accurate plan of that part of Romney Marſh where the baſe 


of verification was to be meaſured. In a country ſo much in- 
terſected by ditches, and where there were ſo many ponds of 
water to be 0 without ſuch a plan raiſed before-hand, 1 5 


*The name of this hill is ts pronounced Boulemberg, and it is eren 


written in the ſame manner in the book, La -Meridienne virifice. 


+ Major Congreve, of the Royal Artillery, had the management of the lights 


at Shooter's Hill; and his aſſiſtance was found to be moſt eſſentially uſeful. | 


an 
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an operation of ſo delicate and difficult a nature could not have 
been effected. | 
The apparatus for the meaſurement of the baſe with the ſteel 
chain, notwithſtanding the urgency of the caſe, was not ſent 
to its deſtination until the end of the firſt week of October. To 
| Lieut. Fippss the engineer, was then joined Lieut. Bryce of 
the Royal Artillery; and it was not before the beginning of 
December, that theſe two gentlemen, with the moſt unremit- 
ting labour and perſeverance, were able to accompliſh the mea- | 
ſurement, as will be ſeen in the detailed account of that ope- 
ration given in the firſt ſection of this Paper. 
In finiſhing the co-operation with the Fretich Commiſlioners, 
at Lydd on the 17th of October, our inſtrument had now 
paſſed through ſixteen ſtations out of twenty-three. There of 
courſe remained yet ſeven ſtations where it was to be placed, 
and obſervations to be made. Eagerly wiſhing to bring the buſi- : 
neſs to a concluſion, we ſtruggled on through five of the ſeven. 
But the weather at length became ſo tempeſtuous, that it was 


utterly impoſſible to continue it, with any hopes of being able 


to make ſatis factory obſervations. Perched on the tops of high 
ſteeples, ſuch as Lydd and Tenterden, or on heights, ſuch as 
Hollingborn Hill, we ſufficiently experienced, that operations 
of this ſort, where the moſt important obſervations could only 
be made at night, by means of the white lights, ſhould never 
be undertaken in the latter ſeaſon. 
On the ſecond of November, the inſtrument was accord- 
ingly removed from the top of Hollingborn Hill, and ſent to 
town, leaving the ſtations on Goudhurſt and Frant Churches, a 
both likewiſe ſituated on eminences, unoccupied until the en- 
ſuing ſeaſon, 


1 e 
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The winter months were employed in calculating the ob- 
ſervations that had been made; and from theſe we were 


very well enabled to judge to what a degree\of accuracy we had 


arrived in determining the ſides and angles: for Frant and 


Goudhurſt, having been interſected from Botley Hill, Wro- 


tham Hill, and Hollingborn Hill ; Goudburſt having been ob- 


{erved from Tenterden, and Frant having (contrary to our 
expectation) been ſeen and obſerved from Fairlight Down, we 
had thereby the certain means of determining very nearly 
what difference there would be between the meaſured and 


computed length of either baſe as given by the other, although 


obſervations had not been made at the two intermediate ſtations 


of Goudhurſt and Frant. This difference, it was ſeen, would 
ſcarcely amount to one foot, or about 
whole diſtance. In as far, therefore, as the reſults of the 

5 plane triangles were concerned, we miglit have proceeded with 
the computations, and drawn the conſequent concluſions, 


th part of the 


s 


without heſitation, or any riſk of ſenſible error. 

But, beſides that it might ſtill have been ſaid that the- . 
ſtrument had not been placed at theſe two ſtations, there were 
reaſons of a different kind; which rendered it in ſome degree 
neceflary to place the inſtrument not only at Goudhurſt and 


Frant, but alſo at Botley Hill and Folkſtone e where 
| it had formerly ſtood. 


In 1787 , when at the ſtation of St. Ann's Hill, in a very 


high wind, the box containing the axis level was blown from 
the ſcaffold, and unluckily broken. Mr. RamsDen replaced it 
with one not ſo good as the firſt; and it was with this ſecond 
level that the obſervations of the pole ſtar had been made at 


Dover Caſtle. This caſtle, although lofty, and fituated on a 


high chalk cliff, that raiſes its northern turret about 466 feet 


** | above 
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above low water at ſpring tides, is nevertheleſs ſurrounded on 
the land fide with eminences, at the diſtance of fix or ſeven 
miles, ſtill higher than itſelf. From this circumſtance we 
found it impoſſible to connect it with the great triangles to the 
weſtward, otherwiſe than by a ſhort ſide, It was therefore 
ſufficiently obvious, that it would be eligible to make obferva- 
tions of the pole ſtar for determining the difference of lon» 
gitude, and the convergence of the meridians, at ſome other 
intermediate ſtations between Greenwich and Dover, from 


whence our longeſt ſides could be diſtinctly ſeen. For this 


purpoſe none ſeemed fo proper as Botley Hill, Goudhurſt, and 
Folkſtone Turnpike. The firſt of theſe three is only 171 1 feet 
eaſtward from the meridian of Greenwich, Goudhurſt is about 


| 23 miles ſouth-caſtward from the former, and Folkſtone Turn- 


: pike, the ſtation neareſt to Dover, is ſo ſituated, that from it 
cau be ſeen the end of the baſe of verification at 1 Nook, 
Fairlight Down, and other diſtant ſtations, | 
With this object in view, whereon ſo much depended, we 
had again the mortification to be thrown into the latter ſeaſon 
of 1788. 8 
Hheſides a better level for the axis 4 the teleſcope, the mi- 
= croſcope B wanted to be better ſupported. Another fort of 
clamp, alſo an eye-piece, with a diagonal priſm for obſerva- 
tions near the zenith, or for thoſe of the pole ſtar in high 
latitudes, were neceſſary improvements, which might have 
been executed in a ſhort pace of time. With theſe altera- 
tions the inſtrument was at laſt returned, but ſo late, that it 
could not be placed o on Goudhurſt nene till the 9th of Au- 
guſt, 1788. 
Ta OR VOY at Goudhurſt, Frant, Botley Hill, a. 
Folkſtone Turnpike, having been finiſhed early in Wee 
the 
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the inſtrument was brought back to town, in the Ne beur- 


hood of which it was e for three days for the follow- 


ing purpoſe. 


In 1787, when at the ſtations of Hundred Acres, Norwood, 


Greenwich, and Shooter's Hill, we had only been able to de- 


termine, in a ſatisfactory manner, two points within the limits 


of the Capital, namely, St. Paul's Church and Argyll Street, 
the laſt by means of the white lights. Bearings of ſome 


others, it is true, were obtained; but, in order that theſe 


might be interſected in the beſt manner, it became neceflary 
to place the inſtrument at one or more ſtations to the north- 
ward of the town. 


With the view, therefore, of laying the foundation hereafter 5 


2 for a much more accurate plan of London than could poflibly 
be obtained in any other way, the inſtrument was placed, firſt, 
at Hornſey Hill, to the eaſtward of Highgate ; and, ſecondly, 
on Primroſe Hill, between London and Hampſtead. 


Although the weather was rather unfavourable at the time c 


2 making the obſervations from theſe two new ſtations; and 
that the ſmoke conſtantly hanging over the town in the latter 
ſeaſon impeded us greatly; nevertheleſs, the former bearings 
were interſected, and the ſituations of a conſiderable number 
of remarkable ſteeples within London and its environs, were | 


accurately determined, as will more fully appear in e of 
5 the ſecondary triangles. 


Having thus briefly ſhewn the order with maar to time in 


1 the recent operation, through its various ſteps, was 
progreſſively carried on and compleated, it is proper that I 
ſhould mention, that Mr. DarBy, who had been recom- 


mended as an affi ſtant, has acquitted himſelf throughout the 


whole perfectly to my ſatisfaction, as a diligent and accurate 


obſerver, 
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Greef, as well as an able and indefatigable calculator. This 
teſtimony, which is juſtly due to his merit, joined to the ſpe- 
cimen which he gives of his mathematical abilities in the fifth 
ſection of this Paper, can ſcarcely fail of making him better 
known hereafter; and it 1s hoped, that he will have opportu- 
nities of exerting his talents, by aſſiſting in the continuation of 
the future operations that are projected and recommended to 
be carried on in the concluſion of this Memoir; the various 
parts of which are e arranged as follows: 


Section Firf. 


Deſcription of the apparatus made uſe of 1 in the meaſure- 
ment of the baſe of verification in Romney Marſh, with the 
hundred- feet ſteel chain, in the autumn of 178), with the reſult 
of that operation. Reference to be had to Plate I. and II., and : 
alſo to the table containing the en detail of the mea 
ſurement. | | 


RO Second. 


General deſcription of the great inſtrument with which the 
angles in the recent trigonometrical operation were obſerved; 
ſhewing alſo its various adjuſtments for practice. Reference to 
be had to Plate III. a general view of the entire machine; 
Plate IV. a plan and two ſections of it; Plate V. various parts 

repreſented on large ſcales ; ; and Plate VI. the microſcopes and 
eye- . 


Sektion Third. 


ann of various articles of machinery made uſe . in 
the courſe of the trigonometrical operation, referred to in Plate 
VII. Alſo the diſtinction of the ſtations into two ſets; thoſe 


of the ſecond {et being referred to in Plate VIII. | 
Section 
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5 Sektion Fourth. i 


Calculation of the ſeries of triangles extending from Wind- 
ſor to Dunkirk, whereby the geodetical diſtance between the 


meridians of the Royal Obſervatories of Greenwich and Paris 
zs determined. Reference to be had to Plate IX. 


Section Fifth. 
'On the difference between horizontal angles on a a ſphere and 


bers Plate X. 


Sefion Sixth. = 
- Manner of determining the latitudes of the Nations. Ap- 


plication of the pole ſtar obſervations to computations on dif- 
ferent ſpheres, and alſo on M. Bovcver's ſpheroid, for the 
determination of the difference of longitude. Ultimate reſult 
of the trigonometrical operation, whereby the difference of the 


meridians of the Royal Obſervatories of Greenwich and Paris 


1s determined. Plate X. 


Seerion . 
An account of the obſervations made during the courſe of 


the trigonometrical operation for the determination of terreſtrial 
refraQtion. Plate X. 


Section Eighth. 


Secondary triangles, ſubdivided into two ſets, for the im- 


provement of the maps of the country, and the plan of the 
| City of London and its environs. Plate Xl. 


Concluſion, 


Containing Propoſitions for extending trigonometrical opera- 


tions over Great Britain. 


$EC- 
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SECTION FIRST. 


eee bein if the apparatus wad uſe of in the meaſurement of 
the baſe of verification in Romney Marſh, with the hundred- 
feet feel chain, in the autumn of 1787, with the reſult of that 
. operation. Reference to be had to Plates I. and II.; and alfo 


to the table containing the general detail of the meaſurement. 


; ARTICLE 1. N Preamble. 


IN the account of the meakirement of the baſe on Houn- 
Iv: Heath in 1784, which appeared in the Philoſophical 
Tranſactions of the ſubſequent year, we had occaſion to ſhew, 
how very accurately diſtances might be determined by the ſteel 


chain, when applied in the ordinary way on the natural ſur- 


| face of the ground, if that ſurface happened to be tolerably 
ſmooth, which was the caſe in the inſtance alluded to. By the 


compariſon of the meaſurement of a length of one thouſand 
feet with the glaſs rods, and with the chain when uſed with 
an apparatus adapted to the purpoſe, it further appeared, that 


the difference between the reſults was ſo very ſmall as ſcarcely 
to be diſcernible, ſince it would not have exceeded half an inch : 
on the whole length of that baſe of 27404.7 feet. 
| Having always conſidered the experiment on Hounſlow ” 
N Heath, juſt now mentioned, as poſitive proof of the excel- 
lency of the chain, it had been reſolved on to apply it to the 

menſuration of the baſe of verification in Romney Marſh, even 


if no other reaſons had exiſted to make that choice eligible. 
8 5 But 


2 4 — 4 cn — 


0 Side: = 
ede er 
a_ . Ten ach 
— 2 7 * 


; 8 6 8 3 TOP 8 8 pea 1 r hs * * — . 
a a 4. 2 lg TIS, Re EE v — 2 r 25 * ” F 8 
- - 4 . p 8 8 l e — a in * - 2” ns —— 

8 - (OY "OR : 8 rr , — — — — 
* 1 * N p 5 Ker * W * — _ 45 8 0 — — 
FFF F ** 8 3 gy: | : 10 * ; - 0 — 

FE . 8 --* — Ka © — 2 — Saud * * 1 5 F- by 3 - * - 1 — 7 
Do 5 — BE; - <5 — — 2 > * — . —— 22 8 — + 2 
. made. Sos * - 1 „ — D * = 


— * 
. 


4 » of . 2 Ba 2 
K 
3 — „ 
— 4 ͤ — 


eh Sat ment 3 e 
rr aw" - 


N — — rn . 
C ²˙ · CO II IE IITY 
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But beſides the danger of having the glaſs rods broken, in 
tranſporting to ſo great a diſtance from London, and, on ſuch 


* EY 


an event happening, the impoſſibilſty of getting Gem replaced 


with others at the advanced ſeaſon of the year in which we 


were unfortunately thrown with the operation, it was obvious, 
5 that in a plain of the bréadth of fix iniles, ſo much inter- 
ſecked with ditches full of water as Romney Marſh in reality 


is, the laying of bridges for the tripod ſtands, which muſt have 


been uſed with the glafs rods, would alone have been a very 
 kroubleſome and tedious operation; 


Axr. II. Beech Poſts. 
In the firſt place, about thirty poſts made of beck wood, 


- hire inches in diameter, and of different lengths, from two 
feet three inches to three feet fix, and a'few of them {till longer, 
; Were provided. They were ſhod with iron, and each '6f them 


carried on its top à caſt. iron ferrule, with two dovetails project- 
ing from it; care being taken in driving them into the ground, 


5 that the dovetiils ſhould Rand in or nearly in the direction 

of the baſe, as repreſented by the plan and ſection of a ſingle 
poſt, in the middle part of Plate I. The arrangement of C 
: twenty-four of theſe” poſts may be ſeen at the top of the ſaid I 
plate, for the meaſurement of a portion of the baſe equal to | 


one hundred yards, or the length of three chains. Sixteen of 
the poſts reckoning from that which ſtands in the center of 
the firſt group, to that which ſtands in the center of the ſe- 


cond, and fo on from right to left, were placed at the diſtance 


of twenty feet from each other. The firſt is ſuppoſed to co- in- ; 

cide with the mouth of the pipe "ſunk into the earth, at the 
euſtern extremity of the baſe, at a place called High Nook 
near Pymchurch; ; and e at from that towards the 
_ 
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left marks the end of a chain. The other eight poſts in the 
arrangement, that 1s to lay, the right and left poſts of cach of 


the four groups, are ſuppoſed to ſtand twelve or fifteen inches 
from thoſe in the center. By referring to the elevation near 
the top, and the plans and ſection in the middle part of Plate 
I. it will be perceived, that theſe poſts, together with certain 
| other iron parts of the apparatus fixed to them, hereafter to be 
| deſcribed, ſupport the ends of the coffering for each chain, 
free and independeutly of the central Falls, to Which laſt the 


braſs ſcales alone are attached. 


Anr. III. Deal Mero. 


ö Fifteen deal coffers, numbered from one to fifteen, were 
neceflary for the length of three chains, being five to each, 
Six of them, that 1s to ſay, the firſt and fifth, the ſixth and 1 5 

| tenth, the eleventh and fifteenth, being the firſt and laſt = 
| each chain, were only nineteen feet four or five inches in length, S 


The other nine, being the three in the middle of each chain, 
were of the complete length of twenty feet. Theſe coffers 
perfectly reſembled in ſhape, and nearly in dimenſions, the 


caſes of the glaſs rods, being ten inches broad in the middle, 

and uniformly of that depth throughout their whole length. 
; But from the middle they became gradually narrower, in a 
| curvilinear manner, towards each end, where they were only 
| two inches wide. The two cheeks or ſides were about half an 
inch thick, and the bottom, which entered into a ſhallow 
groove in the middle of the cheeks, was an inch in thickneſs. 
Thus the cheeks being thin, bent and applied eaſily to the 


bottom, to which they were firmly nailed, and the whole was 


fortified by ſmall blocks of wood faſtened at intervals in the 


| ans, ſometimes above and ſometimes below the bottom. 
| C 2 ts From 
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From the elevation it will be perceived, that nine or ten inches 


of the under extremities of the cheeks were cut off; fo as to 


permit the bottom itſelf to reſt on the irons. This conſtruc- 


tion of the coffers was found to anſwer- very well, that is to 
ſay, they were, conſidering their length, not ſo heavy as to 


be unmanageable, at the ſame time that by their general figure, 


and particularly the depth of the ann ores diy were N 
prevented from warping. 
In addition to the fifteen coffers, juſt now deſcribed, a 6 x- 


teenth, not repreſented in the plate, was afterwards prepared 


at Hythe by Lieut, FIppks, to be uſed occaſionally, when the 
end of one chain, and commencement of another, co-incided 


with a deep ditch or one of the ſewers full of water, and 

where of courſe it would have been extremely difficult, if not 
impoſſible, to have fixed ſteadily the group of three poſts in 

the uſual manner. In this coffer there was a double or falſe 
1 bottom, with grooves adapted for the purpoſe ; and the brafs 


ſcale, pulley, &c. were removed from the 1 irons, and Plachde on 
this bottom. 5 7 


Aar. Iv. Apparatus of caft iron, Ec. for the ends of the Chain. 


By referring to the plate, whats the ſeveral parts of the ap- 


paratus for the extremities of the chain are repreſented in plan 
and ſection, by a ſcale equal to one-fourth of their real dimen- 
ſions, it will appear, that the caſt-iron pieces were of two dif- 
ferent forms, one long, and the other ſhort ; but both applied 
in the ſame manner, on the ferrules binding the tops of the 
poſts, as has been already mentioned. Of the long kind there 
were in all fifteen or ſixteen, that is to ſay, one for each poſt 
in a length of three chains, Each” iron had two clamps. on its 


under 


the Trigonometrical Operation. _ : 
under ſide, which being flackened, it was placed on its ferrule 
at right angles to the line of meaſurement; and being turned. 
round 9go?,. the dovetails of the ferrule, ſtanding originally | in 
the direction of the baſe, came within the clamps, which were 
then tightened by four (crews, turned with ſquare keys adapted 
to the purpoſe. 
It is ſufficiently obvious, that 5 many irons, with ſuch a 
number of ſcrews to each, could not fail of rendering this 
operation tedious! The buſineſs would have been greatly expe- 
dited if there had been only two ſuch ſcrews, one on each end, 
in a middle ſituation; and, inſtead of the four ſcrews, there 
ſhould have been four ſteady pins, entering eaſily into holes 
prepared for them in the under ſide. A ſhort groove, of two ; 
or three inches in length, i in each extremity of the bottom, 
would, on this ſuppoſition, have been neceſſary to ſuffer the 


{quare heads of the ſcrews to paſs ; and it will be readily con- : 


| ceived, that the.thickneſs of the bottom would have effectually 
| ſecured the chain from touching them, prevented the mutila» 
tion of its handles, and ſaved much loſs of time. Indeed the 
fame purpoſe might have been effected, but not ſo advantages 
ouſly, by. laying the original four ſcrews lower in the 1 iron, 
which its thickneſs- eafily admitted of. . Finally, i in order to 
avoid ſuch like inconveniencies in future, there is ſtill one im- 
perfection more, which it is incumbent on me to remark, 
namely, that caſt- iron ferrules will not anſwer; ; for the force 


that was found. to be neceſſary to drive the poſts into the 


ground, burſt almoſt. the whole of them, ſo that before the 
operation was. compleated, they were obliged to be replaced : 
with others made of hammered. iron, forged for. the purpoſe. - 
Of the ſhort irons only; three were neceſſary, one for each 
ad of the chain, and. a ſpare one in caſe of accident. They 

were 
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were placed, turned, and clamped on the ferrules, in all re- 
ſpecs ſimilarly with thoſe of the long kind. By inſpection of 
the plate it will be ſeen, that each of them carried on its ſur- 


face a braſs ſcale of fix inches in length, divided into inches and 


quarters, and moveable in a flide, either backwards or for- 
wards, by a finger-ſcrew adapted to the right-hand end. 


The right-hand poſt of each group is called the e 


59ſt, becauſe the iron fixed on its top carries a ſmall apparatus 
of braſs, which being connected witli the flat iron rod and 
hooks formerly uſed at Hounſlow Heath, for a like purpoſe, 
lays hold of the rear handle of the chain, and draws it back 
until zero co-incides with the point of commencement. The 
left-hand poſt in each group is called the ewerght-poft, becauſe 
it carried a braſs pulley, over which a weight of 28 lbs. was 
hung by a ſmall rope attached to the hooks that laid hold of 
the front handle of the chain. This weight acting againſt 
the force of the ſcrew at the other end, the chain was thereby 
kept perfectly ſtraight in the coffers, and conſtantly in the ſame 
degree of tenſion, until ſome certain diviſion (the neareſt for 
inſtance) of the ſcale could be brought, by means of the ſcrew, 
accurately to coincide with 100 feet at the front end. That 
diviſion, whatever it might be, as of courſe regiſtered in the 
field book of the operation, together with the true temperature 
of the chain, as ſhewn by five thermometers, one being laid 
for that purpoſe in each coffer, and ſecured with white cloth 


from the ſun's rays, as occaſion might require. 
Fifteen cofters were always arranged on the ground at the 
ſame time, comprehending a ſpace of the baſe equal to the 


length of three chains or 100 yards. The extremities of the 


firſt chain having been accurately transferred, in the manner 


above mentioned, to the braſs ſcales on the tops of the central 
Poſts, 
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5 the Trigonometrical Operation. 19 
poſts, and theſe remaining firm and motionleſs, as being 
wholly unconnected with any other parts of the apparatus, 
the chain was then moved forward into the ſecond ſet of cof- 
fers, where the thermometers were alſo placed. In the mean 
time, the firſt ſet of coffers now vacated, with their poſts, &c. 
were carried on and arranged in.the front, for the meaſure- 


ö ment of the ſecond 100 feet; and ſo on continually with the 
others in ſucceſſion. 


ö Aur. V. 2 ſurvey of Raser Marſh previouſly 10 the- 
i meaſurement of the Baſe. 

: In the introduction to this Paper it has been mentioned, .that 

| the Duke of RIcHMOND had permitted . Lieut. F IDDEs, of 

| the Royal Engineers, to be employed in 1786 and 1787 in 

| raiſing a plan of that part of the Marſh where, on examina- 
tion, it ſhould be found, that the baſe of verification might 

| be the beſt executed. In juſtice to that officer, I conſider it as 

| incumbent on me to ſay, that it was impoſſible for any perſon + 

| to fulfil the duties entruſted to him better than he did, either 
in the courſe of the ſurvey, or ſubſequent meaſurement of the. 
| baſe, whereof. he alſo had the direction. The general inſtruc- 

| tions given to him were, that after having by a baſe of his 

| own determined certain triangles in the neighbourhood of 

| Dymchurch, Ruckinge, and Romney, by way of foundation 
for his work, he ſhould preſerve Ruckinge as the point whereon 
| the allignement of the great baſe was to be directed, and vary 
the poſition of that end next the ſea-wall in ſuch a manner as 


LC 


to meet with the feweſt local obſtructions to the meaſurement 
between the two extremities. By inſpection of the plan Plate 
II. which comprehends a tract of country of two miles in 
breadth, one on each ſide of the baſe line, it will be perceived, 
that 
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that beſides the numberleſs ditches with which this Rodvler 


plain is interſected, and which it was impoſſible to avoid eroſ- 


ſing, there is almoſt in every field a watering pond for the 
cattle, many of them of conſiderable depth. Nevertheleſs, fo 
very attentive had Mr. 'Fippes been to the accuracy of his 
ſurvey, that he was enabled, after ſeveral trials of other di- 
rections, torun a line from High Nook on Dymchurch Sea- 
wall, upon the ſmall ſpire of Ruckinge Church, of the length 
of nearly ſix miles, without interfering with any one of the 
_ watering ponds, or meeting with any other local obſtruction of 
| conſequence. . So very minute was he in his remarks, and ſo 


accurate in the ſituation of particular trees, that in 'tracing his 


line with the teleſcope, he managed ſo as to avoid them all, a 
few inſignificant buſhes excepted ; which I believe to be an 
inſtance of exactneſs . to be e 5 


Akr. VI. Pipes funk i in the chun 
Permiſſion having previouſly been obtained from the pro- 


| prictors of the ſoil, pipes were ſunk into the ground at the 
two extremities of the baſe, and alſo one on Allington Knoll, 
which laſt point with Lydd Church * form that fide of one 
of the great triangles depending on the baſe on Hounſlow 


"OS It will be perceived, that ſeveral of the names of 1880 differ in their 
orthography, from that whereby they were expreſſed in the plan of the intended 


triangles given in the Paper of 1787. This has been done, on procuring better 
information in that reſpect than had formerly been obtained. Mr. Cons, of 


Tydd, an ingenious gentleman, well acquainted with Romney Marſh, was 10 


obliging as to preſent me with a manuſcript map of that fingular plain, com- 


piled by himſelf from actual ſurveys, where the names and boundaries of the 
_ Waterings, and many other curious particulars, are very diſtinctly expreſſed. — 


Our plan of the baſe has therefore e advantage by adhering to ſuch 
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aeſpeRtable authority, 
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Heath, to be firſt verified by the meaſurement of this new 
baſe, Every field is ſurrounded with a ditch, in cleaning of 


| which the earth and mud are continually thrown out on each 


fide, whereby flat dykes are gradually formed on either ſide. 
That the meaſurement might be carried on as nearly as poſſible 
in the ſame plane, that is to ſay, about fifteen or eighteen 
inches above the common ſurface, therefore, narrow grooves 
were cut in theſe flat dykes, which the different farmers rea- 
dily conſented to without murmuring. Here it is to be ob- 
ſerved, that there was no occaſion for levelling the line, Rom- 


ney Marſh having been formerly covered by the ſer, and a 


conſiderable part of it, particularly towards the bottom of the 
range of hills that ſeparate it from the Wealds of Kent, being 
ſtill lower than the ſea at high water, would again be over- 
flowed by it, if much care and expence were not annually be- 
ſtowed in ſecuring and repairing the dykes, whereby it is pro- 
tected. Thus the line of the baſe may be conſidered as an 
inclined plane, deſcending gradually about five feet from the 
mouth of High Nook pipe to within 246 yards of the Ruckinge 
end, where the ground in that direction ſeems to be the loweſt. 
Thence it riſes comparatively ſuddenly, about fifteen feet, to 
the mouth of the pipe ſituated in a ſmall field immediately 
* to Ruckinge Church yard. 


Arr. VII. Reſult of the meaſurement.” 


| Lieut. Fips, in the courſe of his trigonometrical . 


vey, and of the different meaſurements he had actually 


made of the line with a common iron chain, which from 


time to time was compared with ſtandard rods of deal, had 
determined the total length of the baſe within a few fect 


of the truth, before the ultimate operation began. He 


had likewiſe driven into the ground, at the end of every 
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22 Gen. Rox's Account f 
thouſand feet, a ſtrong picket, which were numbered 1, 2, 3, 


&c. from the pipe at High Nook to the 28th near Ruckinge. 


In all this preparatory part of the buſineſs he had no other 


afliſtants than the artillery-men of his ſurveying party, But 


for the ultimate determination, it being abſolutely neceſſary 


that he ſhould have the aid of ſome perſon in whom he could 


confide for the management of the operation in general, and 
particularly for the adjuſtment of the ſcale. at one end of the 
chain, while he himſelf was adjuſting that at the other ; there- 


fore Lieut. Bxyce, of the Royal Artillery (now of the Corps 
of Royal Engineers), an attentive officer and excellent ma- 
thematician, was left with him for thoſe eſſential purpoſes. 
Theſe two gentlemen began the operation on the 15th of 
October, and, after experiencing many difficulties ariſing from 
the badneſs of the weather in that late ſeaſon of the year, and 
the defectiveneſs of the apparatus, it was only by dint of great 
labour, and the utmoſt perſeverance, that they were enabled to 
accompliſh the meaſurement on the &th of December fol- 
lowing. : 


The annexed general table of the baſk, which contains five 
columns, ſhews the progreſs that was made-in the work from 
day to day, The firſt column contains the date; the ſecond, 
the ſpaces meaſured each day, reckoned by hundreds of yards, 
and denoted in the general plan by ſtrong dots; the third 


| ſhews the temperature of the chain deduced from the mean of 
fifteen thermometers, five for each chain; the fourth expreſſes 


the difference of temperature above or below 62* of FAnREN- 
HEIT ; and the fifth ſhews the correction anſwering to that 
difference, additive to the apparent length with the fi gn + 
and ſubtractive from it with the hgn 8 

From 
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From inſpection of the table it will appear, 


that the total apparent length of the baſe, as 
given directly by the ſteel chain, was 9 2 Cee, 
yards; which are equal to 


But when the new points, at the diſtance of 


twenty-five feet from each other, were laid off 


23 
Feet. Ia. Pts. 


28536 8. 835 


on the chain in Mr. RAMs DEN's ſhop from the 8 os 


original points on the great plank of New-Eng- 
land deal, the temperature was 3 5, that is, 75 


below 622; wherefore the contraction of the 
| chain by 1 of FaHRENNHEIT being =0.00763 in. 
this x 7 x 285.37 chains = 15.242 in. is the 


reduction for the total contraction below 62% 


to be taken from the apparent _— which are 
equal to ug Fa 
The apparent length i 18 likewiſe to be leflened 5 


by the exceſs of the corrections with the ſign — 


above thoſe with the ſign + in the annexed table; 


E becauſe the temperature of the chain, when ac- _ 
| tually applied to the meaſurement, being ſo much 
below 62, the apparent length became thereby | 

too great by 30.65 inches, which are equal to 


To be deducted alſo from the apparent length, 
the reduction on two hypothenuſal diſtances, 


meaſured at the Ruckinge extremity of the baſe, 
which is ſuddenly elevated above the loweſt part 
fifteen feet, amounting to . 


The ſum of theſe bnd reduQions, to be ken 


| from the apparent length, amounts to 
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And conſequently there remains for the 


length — V 28532 8 7. 92 


But when the chain was adjuſted in Mr. 
RAMs DUREN's ſhop, as above mentioned, the tem- 


perature was 55%. Being then carried into St. 


James's Church- yard, its length was laid off on 


braſs pins inſerted into the ſtone coping of the 
church-yard wall, for the purpoſe of compari- 


ſon on any future occaſion, at which time the 


temperature had changed to 55%. After the 

' meaſurement in Romney Marſh had been finiſhed, 
the chain in the temperature of 397, being 
ſtretched out on the wall, its length was found = 
to fall ſhort of the original points on the braſs 
pins ge of an inch. Now, 5 55 —39* = =16%5, 
and 169.5 x 0.00763 . 126 in.; hence 0.126 
—72=0.023 in. is the ſpace which the chain 
had only lengthened during an operation which 
5 continued above fix weeks; and one-half of this 

| ſpace, viz, 0.0115 multiplied by 285.37 chains 


is = 3-282 in., the correction to be added to the 


apparent length for the wear r of the chain during 


Feet. In. Pts. 


＋o. 2 282 


5 the pennt 8 - 
 Whence the length becomes 20 832. 11. 202 
Laſtly, the baſe is to be ſhortened for its . 
height of 153 feet above the mean level of the 
ſea, ſuppoſed to be 6 feet 8 inches above low- _ on 
water ſpring tides. at High Nook, which gives | th; 
for the nen VV. . 3 166 er1 
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| | 17 Feet. In. Pts. 
And hence there remains for the ultimate or 
true length of the baſe of verification, in the 
temperature of 62 of FAunEN HEI T's thermo- 
meter, being the heat to which that on Houn- 
flow Heath was WE. CE: 28532. I 1,036 | 
Which make 28 5 e FREes 


Ant. vm. Remarks on the comparative accuracy of the [9 1. 
' baſes. 
With regard to the accuracy of the meaſurement of this 
baſe, compared with that executed on Hounſlow Heath in 1784, 
from the infinite pains and care beſtowed ! in both operations, 
it is very difficult to ſay, to which the preference ſhould be 
given. The expanſion of glaſs being ſo much leſs than that of 
ſteel, if manageable glaſs rods of equal length with the chain 
could have been obtained; then, as far as that ſingle circum- 
| ſtance might have affected the reſult, a meaſurement made with 
| ſuch glaſs rods would undoubtedly have deſerved the pre- 
ference to one with the ſteel chain. But when it is conſidered, 
that the expanſion of ſteel was determined by the pyrometer 
with the ſame care as that of glaſs; that the wear of the chain 
is ſo very ſmall, as we have ſhewn it to be, in ſix weeks uſe; 
that coffers were laid for it, and its length transferred by means 
of the braſs ſcales to the tops of immovable poſts; that, in the 
preſent caſe, there was but one-fifth part of the error ariſing 
from faulty co-incidences as with the twenty-feet glaſs rods; 
on this view of the matter, the preference ſeems to be due to 
| the meaſurement by the ſteel chain, ſuppoſing always the 
error in exceſs, cauſed by the deviation from the allignement 
horizontally or vertically, to have affected both equally. 
i | As 
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As a proof that the expanſion of the chain was accurately 


determined, I ſhall cloſe this ſection with a remark repeatedly 
made by the two gentlemen entruſted with the execution of 
this laſt meaſurement. At the cloſe of each day's work, the 
two ſcales marking the extremities of the laſt chain (after re- 
giſtering the diviſions of co-incidence) were left upon their 
reſpective poſts until the next morning. They were ſecured 
during the night, from being diſturbed by cattle, with a cer- 
tain number of the ſpare poſts driven into the ground around 
them. A tent was alſo pitched between the two, where ſome 
men of the party conſtantly lay, by way of a guard for the 
whole apparatus. On the recommencement of the operation 
the ſubſequent morning, the chain being applied anew to the 
braſs ſcales; if the temperature continued the ſame, the co-in- 


cidences were found to be equally accurate as on the preceding 


night; but if it had changed one or two degrees, the chain 
never failed unequivocally to ſhew it, by falling ſhort of the 

| diviſions on the ſcales, if the cold had NEE, or by over- 
reaching them if it had diminiſhed, _ 


Finally, with reſpect to the Cabje&t of theſe * it is . 


to be remarked, that the baſe of verification 1 in Romney Marſh 


makes with the meridian of the pipe at High Nook an angle 
of 54* 28' 56“ north-weſtward; and bat on Hounſlow 


Heath makes with the meridian of the pipe at Hampton Poor- 
houſe an _ of 44* 410 49", alſo north eee. g 
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GNU Tarn of the Meafirmnant of the Basr of Vai in RoMnty MARSH, execu 
to be 9512; 


From the above Table it appears, that the total apparent length of the Baſe, as given immediat 
The corrections in the aboye Table, and others ſpecified i in the Text, being ſubtracted from th 


＋ here remains, for the true length of the baſe in the temperature of 622 of F ahrenheit, 


188 85 Yards, and the true, or corrected Length in 1 the 
SOR Spaces Temperature. Correction 2 Spaces Temperature. -. Corr cation | Spaces 6 emperature. | Correction 
Days. meaſured, — — for the Days. Saure l.. e Days. meaſured. | ; for the Jy, 
Mean by diff, | difference. } Mean by] diff. difference. Nane Mean by| diff. ] difference. 
5 Yards. ee rom bs: E Yards. |15Therm.| from 62“. FR. ards. 15 Therm. from 62%. | 1 
Oct. 1 „In. Parts. [Oct. 5 „„ , 4-7. Parts. 
15 | 100 | 54.7 | - 7.3] 0.1671 2100 | 065.0 | + 3.0]+ 0.06867 [4100 | 55.2 — 6.8] 0.15565 
16 | 200 | 62.7 | + 0.7]/+0.01602 2200 | 64.1 | + 2.10 0.04807] 10 4200 35-3 6.7] 0.15336IN 
I 300 | 61.3 | — 0.7] 0.01602] |.2300 | 56.7 | - 5-3] 9.12134 430 | 53.6 |— 8.4] 0.19228] | 
17 | 400 | 57.0 — 5.0] 0.11445] 30 2400 | 58.7 | — 3.3] 0.075544 4449/0 13.0 0.29757 
500 $2.2 | — 9.80 0.22432] 2500 | 59.5 | — 2-5] 0.05722] 12 [4500 | 50.1 [—11.9 0.27208 
' | 600 | 53.6 — 8.4] 0.19228] 31 | 2600 | 57.3 | — 4.7] o. 10758 [4000 | 47. 9 |-14.1] 0.32275] 1 
20 | 700 | 46.8 — 15.2 0.3479} | 2700 | 54.6 — 7.4] 0.10939] 13 14702 | 44.7 |—-17.3] 0.39600 
. 3800 58.09 3.1] 0.009 Nov.] 2800 | 53.9 | — 8.1] 0.185411 4000 44.8 —17.2 0.39371 
23 900 | 53.9 | 8.10 0.18541] 1 | 2900 | 49-0 | —13.0] 0.29757 400 41,3 —20.7 | 0.47382 
© | 1000 55.3 — 6.7] 0.15336 3000 | $4.0 | 8.0 0.18312] 14 [S000 | 41.5 — 20.2 0.40238 
24 | 1100 | 55.7 | = 6.3] 0.14421 3100 | 50.9 | 11.10 0.25408 5100 42.9 [—19.I] 0.43720 
I200 | 50.0 - 12.0 0.27468] 2 | 3200 | 49.1 | 12 9 0.29528] 15 [$200 | 45.3 |—16.7 | 0.38226 
| 1300 | $55.2 | — 6.8] 0.15565 3300 $0.4 | —11.6] 0.265524 5300 44.1 17.9 0.40973 
26 | 1400 | 59.1 | = 2.9] 0.06638 3400 48.5 | —13+5] 0.30901} 5400 | 40.4 |—21.0] 0.49442 
1500 | boo | — 2.0] 0.04570 3500 | 42-0 | —19.4| 0.444074 16 5500 | 41.5 |-20.5| 0.46924 
27 | 10600. | 59.1 | — 2:9 0.06638] 5 | 3600 | 52.3 | — 9.7] 0-22203]J 5600 | 44.8 |—17.2] 0.39371 
1700 | 63.1 | + 1-1|+0.02518 | 3700 53.0 — 9.0] 0.20601] 115700 44.6 — 17.4] 0.39829 
1800 | 68.1 | + 6.17 0.13963 3800 | 52.4 | = 9.6] o. 2197417 5800 40.6 21.4] 0.48985 
| | 1990 | 57.9 |— 4-1] 0.09355 3900 | 47-3 | =14-7] 0.33648] 5900 | 39.4 |—-22.6] 0.51731 
29 | 2000 | 60.8 — 1.2] 0.02747] 7 | 4000 55-6 | — 6.4] 0.14050 6000 | 41.3 —7 9.47382 
2.16540 3.779% %/%ceiĩ9i4I2i 7.550 


AsE of VERIFICATION in Romney MaARsn, executed in the A 
. Yards, and the true, or corrected Length in the Temperature 


Temperature. 


Correction 1 


erature. Torrection | TO. | 2 | 3 | Ter 
3 for the In, eaſured. — or the meaſured. . 
diff. lifference. | ky | Mean by| diff. | difference. 0 1 Mean 
from 629. : 4: Yards. 5Therm. from 629. 3 . 15 Ther 
f Ds In. Parts. Nov. | 8 8 In. Parts. a | 3 5 x! 3 
+ 3.0]+ 0.06867] 4100 | 55.2 — 6.8] 0. 15565 6100 42.1 
+ 2.10 0.04807] 104200 | 55.3 |- 6.7] 0.153300 Nov.] 6200 | 39. 
| * $.3] 0.121324 | 4300 | 53.0 1 8.4 0.19228 1 6300 43.5 
|= 33] 0-07554] 44 | 49.0 [—13.0] 0.29757] 54045. 
— | 4599 | 50.1 11.9] 0.27239] | 6500 | ,c 
= 4.7 4000 | 47.9 14.1] 0.32275] 22 | oo 42.5 
— 7.4 4700 44.7 |—17.3] o. 39600 700 | 42.2 
1 4800 | 44.8 —17.2 0.39371] | 6800 41.2 
— 13.0 | 4900 41,2 —20.7| 0.47382] 23 | $900 | 39.8 
— 2 $000 | 41.8 |—20.2| 0. 462388 | 7990 39 0 
- 743 5100] 42.9 |—19g.1] ©. 43720] A 7100 1.37 
— 12 9 5200 | 45.3 |—16.7 | 0.38226] 24 | 7290 36.2 
—11.0 $300 | 44-1 |—17-9] 0-40973] | 7390 | 42.1 
— 135 $400 | 40.4 ( 21.6] 0.49442] | 7400 | 40. 
— 19.4 | 5590 | 41-5 20.5 0.46924] 26 | 7500 | 35.; 
— 9.7 || 5000 44.8 17.2 0.393711 7600 30.8 
— 9.0 5700 44.6 17.4] 0.39829] 7738. 
— 9.6 5800 40.6 21.4] 0.48985] 27 | 7800 33.0 
— 14.7 | 355 | 39-4 — 22.6 0.51731] | 7900 | 38.c 
— 6.4 600 41.3 20.7 . 47382 288000] 32. 
15 2 7. 585744 


that gc total 8 length of the Baſe, as given 3 by the Steel Ch. 


e, and 


9 1 of the baſe 3 in the temperature of 62" of F ahrenheit; 


others ns] in the Text, being ſubtracted from the * OO 


Era face page ate 


— | — — — — . = 
the Autumn of f 18, whereby the apparent Length | 18 94 
ature of 627, 29530 2: AS Feet. 

5 | A 4 Correction 5 Spaces * Temperature. | ere ite 
d. ——— forte [ny meaſured..— . er the 

ne a8 + difference, F * ö pn difference. 

5 Therm. from 62. | 5 Yards, 11 5 Therm. from 62“. | 
| , 3 In. Parts. 3  eY ors In. Parts. 
42.1 19.0 455511 $100 36.3 25.7 o. 58827 
> | 39.3 22.7 0.519501 8200 39.2 [- 22.80 o. 52189 
2 | 43-3 18.7 0.42804 [Nov. 8300 39.5 - 22.5 . 51502 
45.5 15.5 35479 29 8400 34-8 | 27.2 0.622614 
> | 45.6 — 16.44 2-37 540 3 40.5 21.5 0.49213 
42.5 | —19.5] 044535] [2009 442.3 19.7 0.45093 
> | 42.2 — 19.88 045322 30 8700 30.5 31.5 6.72103 
> | 41-2 20.8 0.47611] 8800 [44.3 17.7 0.40515 
39.8 |—22.2] C. 508 160 Dec. 8900 | 46.0 | 16.0% 0.366244 
> | 390 - 23.00 0.52647] 19 | 430|—19.0) 0.43401 
> |. 37-7 24.3 0.556233 900 | 45.6 — 16.44 0.37540 
> | 36.2 | 25.8 0.59056] | g200 | 48.7 |—13.3) 0.30444 
> | 42-1 |-19.9) C4555] 3 [9302 | 41.1 |—20.9 0.47840 
40.5 | —21.5] 0.49213] 9400 . | 46.9 |—15.1 0.34564 
2 | 35-2 26.80 0.61345] 4 19512. 2454] 48.4 — 6 2.34942 
39.8 22.2 0.50816 ——— - 

2 | 38:5 | - 23-5] 0.53791 — 6.97148 

O | 33.60 | -=28.4] 0.65098 — 10.14802 

O | 38.9 |—23.1] 0.52876] — 7.58574 

932.7 29.3 967008]. = 3.77913 

N EE 22 = 3+ 10540! 
—10. 14802 | Z 3j 
2 Don Correction — 30. 62222 

8 e 

Steel Chain, was 95126; dee yards, 1 which are e equal to 39530 8.835 

* — F . 9 799 
1 5 — — 5 20532 it. 036. 
equal to — 28532 f 10 Fest, 


aro 
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SECTION SECOND. 


| General Deſcription of the great inſtr ument with which the angles, 
in the recent trigonometrical operaticz, were obſerved ; Shewing 
alſo its various adjuſtments for practice. Reference to be had to 
Plate II. a general view of the entire machine; Plate IV. 4 
plan and two fe Hons; Plate V. various parts repreſented 2 
large ſcales; and Plate V l the microſcopes and eyes pieces. 


ARTICLE I. Preamble. 


1 N endeavouring to Seferibe de. curious instrument made uſe 
| of for obſerving the angles in the recent trigonometrical ope- 
| ration, it has been judged beſt to confine ourſelves to the prin- 
| cipal parts, without entering into any detail of the minutts : 
| for even to have mentioned theſe, with the almoſt. infinite 
| number of little ſcrews that ſerve to unite them into one entire 
machine, which could only have been done by references to a 
| multitude of great and ſmall Roman and Greek characters, 
| would have been a diſguſting labour. By the help of the four 
| plates which this deſcription refers to, and which have been 
executed with great care, that fewer words might ſuffice, it is 
hoped, that the inſtrument may be underſtood by two claſſes 
| of people for whom it is chiefly intended; firſt, by thoſe who 
being poſſeſſed of fuch a machine would with to make them- 
ſelves maſters of its uſe; and, ſecondly, by ſuch ingenious 
| artiſts as would attempt to conſtruct ſuch another; for theſe 
| laſt, in n particular, the — that are of braſs, of bell- metal, 


Ox 


28 Gen. Roy's Account of 


or of ſteel, are diſtinguiſhed from each other. And here it i; 
neceſſary to obſerve, that the plates muſt not only be fre- 
quently conſulted, but alſo attentively conſidered, and repeat- 


edly compared with each other, in the courſe of this de- 
ſeription. ; 


Ave: Il. General View of the inflrument. 


It is a braſs circle, three feet in diameter, and may be called 
a great theodolet, rendered extremely perfect; having this ad- 
vantage in particular, which common theodelets have not, that 
its tranſit teleſcope can be nicely adjuſted by inverſion on its 


| ſupports; that is to ſay, it can be turned uplide down, in the 


fame manner that tranſit- inſtruments are, in fixed obſervatories, 
The circle is attached by ten conical tubes, as ſo many radii, 
to a large vertical, conical hollow axis of twenty-four inches 
in height, which may be called the exterior axis. Within the 
baſe of this hollow axis, a collar of caſt ſteel is ſtrongly 
driven; and on its top there is inſerted a thick bell-metal 
plate, with ſloping checks, which, by means of five {orows, 
can be raiſed or deprefled a little. 
The inſtrument reſts on three feet, which are Sis: united 
to each other at the place where they branch off, by a ſtrong 
circular plate of bell-metal, upon which riſes another vertical 
hollow cone, of leſs ſize than the former, being included 
within it, and is therefore called the interior axis. On its top 
is inſerted a caſt-ſtce] pivot, with floping checks, paſſing 
- through the bell-metal plate on the top of the exterior axis, 


the cheeks of the one being nicely ground to fit the cheeks of 
the other. The bell-metal baſe of this interior axis is in like 


manner ground to fit the caſt-ſteel collar in the baſe of that 
which 1s without it, Thus the circle being lifted up by two 


mel! 
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c 
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the J. -igonometrical Operation. 29 
men laying hold of its radi, and the exterior being placed 


] upon the interior axis, the cheeks at the top being at the ſame 
time adjuſted to their proper bearing, it turns round very 
ſmoothly, and 18 perfectly, or at leaſt as to ſenſe, free from 
any central ſhake. This mode of centering is one of the chief 


excellencies of the inſtrument. From the uſe that has been 


made of it both years, it ſeems not to have ſuffered in the 
leaſt; and it is perhaps the only conſtruction that could have 
anſwered for a machine of ſuch magnitude, undergoing ſo 
many quick tranſitions from place to place, and ſo often raiſed 
to gh ſituations without wy riſk of being thereby hurt. 


Axr. III. Mahogany Planes under the Mrument. 
By inſpection of the plates, but more particularly the IIld, 


and the ſection towards the right hand in the Vth, it will be 
5 ſeen, that there are three planes of mahogany under the metal i 
parts of the inſtrument; ; namely, that which forms the top of - 


the ſtand, which, although a ſquare of about three feet four 
inches at bottom, becomes, by the ſeparation of the legs, an 


octagon at top. In the center there is a circular opening of 
nine inches diameter, the uſe of which will appear hereafter, 
Over the top of the ſtand lies another plane of mahogany, like- 
wiſe an octagon, of ſomewhat greater dimenſions than the 
former, with a circular. curb running around it, about half an 
inch within the planes of its ſides. This octagon hath in its 


center an open conical ſocket of braſs, three inches in diame- 


ter; and on four of its oppoſite ſides there are fixed four ſtrong 

| braſs ſcrews, one on each fide, which acting againſt pieces of 
braſs inlaid into the oppoſite ſides of the top of the ſtand, the _ 
octagon plane, with every thing that reſts on it, may thereby 

be moved in four 170 directions, until the plummet ſuſ- 


= pended 


: | 

1 

i 
{4 
. 
5 
0 


30 Gen. Roy's Account of 


| pended from the center of the inſtrument above, is accurately 


brought to co-incide with the point marking the ſtation under- 


neath. The third or uppermoſt plane of mahogany is in fact a 
part of the inſtrument itſelf, being at all times by ſcrews or 
- otherwiſe united to it, and carrying the handles whereby it is 
lifted out for uſe, or in again into its cafe, to be tranſported 
| from place to place. In the middle of this plane or bottom to 


the inſtrument, there is another conical braſs ſocket, of three 


inches and a quarter in diameter, fitted to {lip over and turn 
 eafily on that in the center of the octagon underneath. In the 
braſs cover of this focket, there is a very ſmall hole concentric 


with the inſtrument, to ſuffer the thread or wire to paſs, which 
ſuſpends the plummet; and in the view, Plate III. may be 


ſeen another ſmall box that contains the thread, with a winch- 
handle for raiſing or lowering the plummet, according as the 
height of the inſtrument above the ſtation on the ground, or 
edifice where it ſtands, may W 1 


A RT. Iv. F et Serervs for levelling the armen. 
By . to the group repreſenting the front elevation of 


the feet ſcrews, with its fide nuts, in the right hand upward 
angle of Plate V. it will appear, that they are ſlackened, which 
is always the caſe before the inſtrument is levelled, to give 
room for that operation by the action of the ſcrews. This 
being done, the ſide nuts are brought to preſs gently on the 
horizontal plate that embraces the whole group, and thereby 
keeps the inſtrument as it were united to the mahogany until 
ſome freſh adjuſtment becomes neceſſary. When the inſtru- 
ment is to be put into its caſe, then the feet are let down, and 
by the fide nuts the horizontal plate is brought to preſs ſtrongly. 


on 
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on the whole group, whereby 1 it is kept perfectly faſt and ſe- 
cure from motion in carrying from one ſituation to another. 


An r. v. Blacks of box wood and conical rollers 1 the 


35550 
By referring alſo to Plate V. it will appear, that directly 


below each foot there is fixed to the lower ſurface of the ma- 
hogany a ſmall block of box wood, curvilinear in the direction 
of its motion. On theſe three blocks reſts the whole weight 
of the inſtrument, which nevertheleſs can be moved circularly 
on them alone. But to render the motion perfectly eaſy, three 
| conical braſs rollers, placed ſomewhat nearer to the center, are, 
by means of their reſpective ſprings and regulating ſcrews, 
brought to act and receive ſuch a proportion of the weight as 


it may be neceſſary to lay upon them. The head of one of 


theſe ſcrews, which give more or leſs action to the rollers, may 


be ſeen at D in the principal view of the ioſtrument Plate III. 18 


as well a as in the plan and ſectiou Plate V. 


Aur. VI. Strews giving notion io the whole 1 


| By examining attentively the general view of the inſtru» 
ment may be ſeen, in two politions, the great Tcrew with the 
flat ivory head, whereby the entire machine received a circular 
motion. In one, it is attached to the curbs, as when in uſe i in 

1787; in the other, it is laid upon the mahogany bottom, as 
| was the caſe the ſame year every time it was carrried to a new 

ſituation. But this ivory-headed ſcrew having been found to 
act by jerks in moving ſo great a weight, and conſequently to 
be troubleſome in adjuſting the inſtrument to the fixed point, 
or that of commencement in meaſuring angles ; it was there 
| fore laid aſide in 1788, and another apparatus or clamp was 
E 2 adapted 
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adapted for the ſame purpoſe. This laſt may be ſeen attached 
to the curbs, as repreſented towards the right hand of Plate v. 
It conſiſts of a braſs cock, fixed to, and projecting outwards 
from, the curb of the inſtrument ; which cock is acted upon 
by two ſcrews working on the oppoſite fides againſt it, and 
which are clam ped to the curb of the octagon. a 


Any. VII  Mahogony Baluſtrade and . 

The curb, whereon the three feet of the inſtrument reſt, 
carries a baluſtrade of mahogany fitted to receive, on the top 
thereof, a mahogany cover, no where repreſented except in the 
two ſections in Plate IV. In this cover there are only four 


nal openings (beſides that which allows the great vertical 


axis to paſs), vlg. one for each vertical microſcope, one for the 
clamp of the circle, and one for the ſocket of the Hook's-joint. 
The two laſt are leſs than the former. At the ſame time that 
this cover effectually ſecures the circle with its cones from dirt 
and from accidents, it ſerves conveniently for laying the Hook's- 
joint upon, or any thing that may be conſtantly wanted near 
at hand; but more particularly for placing the lanterns uſed at 
night for reading off the diviſions on the limb of the inſtru- 
meat that come reel under the vertical microſcopes. . 


Ar. VII. Achromintic: Teleſeaper. i 

Two achromatic teleſcopes, each of thirty- fix inches focal 
length, with double object-glaſſes of two inches and a half 
aperture, belong to the inſtrument. They are excellent of 
their kind, and are furniſhed with eye-pieces of different mag- 
nifying powers, for erect as well as inverted viſion. The lower 
teleſcope lies exactly under the center of the inſtrument, and is 
directed ee one of the openings of the baluſtrade. Being 


only 
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only uſed for terreſtrial objects, it requires but a ſmall elevation 
or depreſſion, and therefore is only ſupplied with a ſhort axis 
of ſeventeen inches in length, ſupported by braces attached to 
the feet. The eye end of this teleſcope is purpoſely made hea- 


vier than the object end; ; and reſting on an horizontal arm, 


that is raiſed or depreſſed by rack-work, it is thereby readily 
brought to bear, and remain very ſteadily, u upon its object. 
The rack-work may be ſeen in the view of the inſtrument, 


| and alſo on the left ſide of the right hand ſection 1 in Plate IV. 
But there is a ſmall horizontal motion that can be given ine 
| right hand end of the axis of this teleſcope, which is effected 


by means of a handle inſerted through the vacancy of the ba- 
luſtrades, and placed on a dovetail at E, which could not be 


| ſhewnin the plate. Thus the inſtrument being nicely levelled, 
the upper teleſcope at zero, and likewiſe on its object, the 
lower teleſcope, by the help of this adjuſtment, 18 brought | 
E accurately to the ſame object, ſuppoſed to be the point of com- 
mencement, or that from which angles are meaſured. 


By. referring to Plates III. and IV. and likewiſe to the ſection 


on the left ſide of Plate V. it will be ſeen, that a horizontal 


bar extends acroſs the top of the vertical axis, ſupported by 


| two ſide braces that ſpring from the cone, about one-third of 
its height above the plane of the inſtrument. The horizontal 
bar carries the Y's or ſupports, in which the pivots of the 
upper teleſcope move. They are of ſuch height as to permit a 


ſemicirele of ſix inches radius, attached to the axis of the 5 
tranſit, to paſs freely, and conſequently the teleſcope to be 
directed to the ſun or ſtars in high elevations, but not to be 
brought to the zenith. The arc of exceſs of the ſemicircle 


likewiſe admits of ſeveral degrees of depreſſion being meas. - 
ſured thercon. 


Ax r. 
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Ax r. IX. Spirit Levels, 
The inſtrument has two very good ſpirit levels, that are 


fitted with the ſeveral means of adjuſtment, as is uſual in ſuch 
caſes, the detail of which it is unneceſſary here to enter into. 
The firſt or axis level, becauſe it is only applied on the axis of 
the teleſcope, is that whereby it is ſet horizontal, as in the 
ordinary tranſit inſtrument ; and it is likewiſe uſed for placing 
the conical axis truly vertical, ſo that the inſtrument may turn 


round without ſenſible alteration of the level, previouſly | to 
obſervations of the pole ſtar, or of other heavenly bodies. 


- The ſecond, or elevation level, is that whereby the teleſcope 
15 brought to be truly horizontal, when angles of elevation or 


depreſſion are to be taken. At ſuch times it is ſuſpended on a 


| rod attached to the outſide of the teleſcope, to whoſe axis of 
viſion the rod, by adjuſtment, can be made parallel, as will 
. readily be conceived, by obſerving the repreſentation of theſe 


parts in the right hand ſection of Plate IV. 


When the angles of elevation or depreſſion | to be deter- 


; mined are very ſmall, they are meaſured by the motion of an 


horizontal wire in the focus of the eye-glaſs of the teleſcope ; ; 
but when great, their quantity is meaſured by the arc of mo- 


tion of the ſemicircle, as ſhewn by its N horizontal 
0 mieroſcope. 


The elevation level is likewiſe od uſe as for levelling the 
inſtrument when horizontal angles only are to be taken, for 
which purpoſe it is ſuſpended on two pins, which are ſeen 


projecting from the horizontal bar in the plan, and one of 


them in each of the ſections in Plate IV. This was the ordi- 
nary Poſition of the elevation level when the angles of the 
= triangles. : 


$3 =”. 
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triangles were obſerved, and thereby it was eaſily ſeen in the 
courſe of the operation, whether the inſtrument had ſuffered 
any change to render a re-adjuſtment neceſſary, 


LY ART. X. Lanterns for the Illumination of the Wi tres. 


* The axis of the tranſit teleſcope is hollow, and in the middle 


there is placed, at an angle of 45* with the axis of viſion, a per- 


| forated elliptical illuminator for throwing light on the wires in 
| night obſervations. The light is communicated from a ſmall 
| lantern attached to the horizontal bar at its junction with the 
{ brace, directly oppoſite to the end of the axis, which has a bit of 
| thin glaſs placed before it to prevent duſt from entering. There 
is another ſuch lantern for the lower teleſcope, not however 
repreſented in the plate. As the light given by theſe lan- = 


terns was found to be rather too weak, eſpecially that for the 


| upper teleſcope, therefore it was cuſtomary in practice to illu- 


minate the wires, by holding up frontwiſe one of thoſe ſeen in 


the ſoction in Plate IV. againſt the end of the axis of the upper 
| teleſcope, when directed to the pole ſtar. The ſame method was 
| uſed by preſenting i it obliquely to the object· glaſs of the lower 
teleſcope, when it became neceſſary to examine whether the 
interſection of the wires continued without ſenſible variation 
on a reverberatory lamp, commonly placed twelve or fifteen 
miles off, and ſometimes even at the . diſtance of twenty ; 

; or twenty-four miles. os 


i Art, XI. Lanterns for brown light on the Divi ons 7 the 


mfirument.. 2 


| Beſides the two ſmall lanterns for illuminating the wires of 
the teleſcopes in night obſervations, two larger ones may be ſeen, 


| as alrcady mentioned, ſtanding on che mahogany cover in the 
*. C 
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ſection in Plate IV. uſed for reading off the diviſions of the 
inſtrument, under the vertical microſcopes. The front of one 
of theſe is ſhewn, and the back, or that to which the handle 
is fixed, of the other. Their narrow ſides are preſented 
towards the microſcopes, there being in each a ſilvered re- 
flector of copper at FF; and oppoſite to it, at GG, a ſcreen of 
talc or tranſparent oiled paper. The light from a wax candle 
being thrown on the reflectors, and thence back again through 
the ſcreens, on the diviſions of the inſtrument under the mi- 
croſcopes, theſe could be very diſtinctly read off and regiſtered : 
for the light communicated in this way was very ſtrong, at 
the ſame time that the glare of it, which otherwiſe would 
have been diſagreeable to the ncht, was removed 99 Paffing 
8 through the ſcreen. 


Ax 18 XII. Arms projetling from the teal Plate under the 
plane of the inſtrument. 


By referring to Plates III. and IV. but more particularly the 
latter, it will be perceived, that there are three flat arms, 
ſtrongly fixed by ſcrews to the edge of the circular bell-metal 
plate, forming, as has been already mentioned, the baſis of the 
interior vertical axis. Theſe arms, which are alſo firmly braced 
to the feet of the inſtrument, riſe gradually as they project 
outwards towards the circumference of the circle, whoſe radius 
they exceed about an inch and a quarter, and their extremities 
are about an inch lower than its upper ſurface. One arm, 
lying directly over one of the feet, is that to which are 
attached the wheels and ſcrew moved by the Hook' - joint, and 
alſo the clamp of the circle, as repreſented in Plate V. The 
other two arms, whereof one lies alſo over a foot, and the 
other We oppoſite to 13 become thereby a diameter to the 


circle, 
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circle, having their extremities terminated in a kind of blunted 
triangular figure, forming the baſes of pedeſtals whereon ſtand 


| the vertical microſcopes hereafter to be deſcribed. - The arms, 


together with the horizontal bar and braces carrying the tranſit 


| _ teleſcope, are every where plerced, in order to leſſen the weight 8 
without diminiſhing the ſtrength of the parts. 5 | 


Art. 12. V er tical Microſcopes. 


Two vertical microſcopes, diſtinguiſhed A and * are uſed 
for reading off the diviſions on the oppoſite ſides of the circle 
immediately under them. They are exactly of the ſame con- 
ſtruction, and the chief parts of that marked A are repreſented 
| in their real dimenſions towards the left hand of Plate VI.; 
| where, beſide the general, may be ſeen particular plans of the 
| ſlides, and alſo that of the pedeſtal, containing within it the 
gold tongue, with its axis and ſcrews for adjuſtment. Next to 

theſe plans ſtand the elevation and optical lines, ſhewing the 
poſition of the glaſſes with the magnified ſcale at the bottom. 
ach microſcope contains two ſlides, one lying immediately 
over the other, their contiguous ſurfaces being in the focus of 
the eye- glaſſes. The uppermoſt, or that TW the eye, is a very 
thin plate of braſs, to the lower ſurface of which is attached 


the fixed wire, having no other motion than what is neceſſary EE 


for adjuſtment, by the left hand ſcrew to its proper dot, as 
hereafter to be explained. 

S The ſteel fide immbdiacety under the former is | de of one 
1 entire piece, of ſufficient thickneſs to permit the micrometer 
| ſcrew, of about 72 threads in an inch, to be formed of it. To 
its upper ſurface is fixed the moveable wire, which changes its 
place by the motion of the micrometer head, ſeen in the plan 
and elevation towards the right hand. The head 1 is divided 


E= TR 55 into 
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into 60 equal parts, each of which repreſents one ſecond of 
angular motion of the teleſcope. By examining the particular 
plan of this ſteel ſlide, it will be ſeen, that it is attached by a 
chain to the ſpring of a watch, coiled up in the uſual manner, 
within a ſmall barrel adjacent to it in the frame. By this pro- 
' viſion no time whatever is loſt; the ſmalleſt motion of the 
head being inſtantly ſhewn, by a proportionable motion 
of the wire, to one hand or the other, 1 in the field of the 
microſcope. l | 
It is neceſſary to remark; that the hal microſcope be- 
tween its pillars can be raiſed or depreſſed a little more or leſs, 
with regard to the plane of the circle, by the help of two ſteel 
levers, ſeen one on each ſide of the elevation, which for that 
purpoſe are applied in the holes repreſented above and below 
the projecting plate that unites the tops of the pillars. By 
means of this motion, diſtinctneſs is obtained at the wires; 
and by the motion of the proper ſcrew of the object lens, 
which neceflarily follows that given to the whole microſcope, 
the ſcale is ſo adjuſted as that fifteen revolutions of the head 
ſhall move the wire over fifteen minutes, or one grand diviſion, 
on the limb, equal to nine hundred ſeconds, each degree on 
the circle being only divided into four parts. This operation 
being delicate, requires great patience and many repetitions, 
befofe the purpoſe can be exactly, or even nearly, effected: 
for at the ſame time that the fixed wire muſt biſect the dot on 
the gold tongue, the moveable wire muſt alſo biſect the dot at 
1809D on the limb, as well as the firſt notch in the magnified 
ſcale at the bottom of the plate, where the minutes in the field 
of the microſcope are repreſented in the proportion of between 
fifteen and ſixteen to one as painted on the eye of the obſerver. 
In this adjuſtment there is yet another circumſtance to be 
0 1 — — — 
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attended to, which is, that ſixty on the micrometer head 
; ſhould ſtand nearly vertical, fo as to be conveniently ſeen. A 

few ſeconds of inclination to one ſide or the other are of no 


| moment, becauſe the dart or index being brought to that poſi- 


tion, whatever it may be, mult at all times remain there with- 
out alteration, unleſs ſome derangement that may have hap- 
pened to the inſtrument, in tranſporting from one place to ano- | 
ther, ſhould have rendered a freſh adjuſtment neceſſary. But if, 
when the wires co-incide with their reſpective dots and the firſt _ 
a notch, ſixty on the micrometer head ſhould happen to be under- 
neath, or 10 far over from the vertex on either ſide as to be ſeen 
with difficulty, then the gold tongue muſt be moved a little by 
means of the capſtan-headed ſcrews, which act againſt each other 
C on the oppoſite extremities of its axis. Thus, by repeated trials, 
| the wiſhed-for object will at length be effected, that is to ſay, 
: ſixty, to which the dart is to be ſet, will ſtand in a place eaſily 
ſeen. But it is not to be expected, that each microſcope will 
give juſt vine hundred ſeconds for the run of fifteen minutes. 
Without great lots of time this cannot be done; beſides that 
two obſervers, of different ſights, will adjuſt the microſcopes 
differently. Accordingly, in 1787, after many trials of the 
runs in meaſuring fifteen minutes on the different parts of the 


| limb, microſcope A was found to give only 896”, while E 


gave at a medium 901“. But in 1788, microſcope A gave 
goo”', while B gave no more than 894“. Theſe differences 
were of courſe regiſtered and allowed for in the eſtimation of 
the angles for computation, whereby any difference between 
them almoſt wholly diſappeared. 
The gold tongue, which is extremely TRAY applies very 
_ Cloſely to the ſurface of the circle. In the plan it is ſuppoſed 


to be ſeen through a thin plate of braſs covering the whole 
3 — 
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pedeſtal, and alſo through a ſmall ſquare plate lying over the 


former, and faſtened to it by three ſcrews. In the under fide 


of this laſt, there is a cavity for the projecting part of the 
tongue. This contrivance of the tongue with its dot was to 
8 guard againſt any error that might ariſe from accidental mo- 


tion given to the inſtrument between one obſervation and ano- 


ther, which from this precaution could never happen, without 
being immediately diſcovered: for the wires being adjuſted to 
their dots under the microſcopes reſpectively, if the inſtrument 


be then turned round 1805; the wires will reciprocally biſect 


the dots that were originally oppoſite to them, and thereby 
ſhew, that they are accurately in the diameter of the circle; 
and ſo on with regard to any other dots whatever. Hence 
this becomes the moſt ſevere mode of trying the juſtneſs of the 
: diviſions of the inftrument. 


Z Anr. XIV. "dir of reading of 3 with the microſcopes. 


By attending to the magnified ſcale at the bottom of the plate, 
it will appear, that the dot on the gold tongue, which 1s here in- 


verted, is about one minute to the left of Zero, and alſo of the 
firſt notch, with which the moveable wire alone co-incides. 


Now it will eaſily be conceived, from what has been ſaid in this 
deſcription, how readily, as well as accurately, any obſerva- 
tion of an angle can be read off with ſuch an inſtrument ; for 
the degrees and quarters, that is to ſay, the 15”, 30“, or 45%, 
being ſeen with the naked eye, and regiſtered, the value of the 
fractional ſpace between zero and the laſt paſt grand diviſion, 
ſeen in the field of the microſcope, is obtained by turning the. 
micrometer head until the moveable wire biſects the dot at 
that grand diviſion, The number of notches towards the 
right hand paſſed over on the ſcale, equal to ſo many revolu- 


tions 
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tions of the head, are the number of minutes, always leſs than 
157, to be added, H there be no odd ſeconds, the dart will then 
ſtand at 60” on the head; but, if any number of ſeconds are to 
be added, the dart will ſhew, by its poſition with regard to 60®, 
what that number is. Thus, by adding the 5 — the 
meaſure of the total angle is obtained. 

The conſtruction, adjuſtment, and application of theſe ver- 
tical microſcopes have been given more fully, becauſe they form 
a moſt eſſential part of the inſtrument : for the fixed wire con- 
ſtantly remaining on its dot, the fractional ſpace may be repeat- 
| edly meaſured many times over, if neceſſary, and a mean reſult 
may then be taken. But it rarely happens that two obſervers, 
reading off with the oppoſite microſcopes, differ more than half a 
| ſecond from each other at the very firſt reading. If time 
therefore permits, and the circumſtances of the weather ſhould | 
alſo be favourable for repeating the obſervation with the tele- 
ſcope, it is ſufficiently obvious to what a wonderful degree of 
| accuracy the meaſure of angles may in this way be obtained. 


Art. XV. Erizontal Microſcopes: 


| Beſides the two vertical microſcopes, applied in the manner 

that has been deſcribed to the meaſurement of the fractional 
| ſpace in. horizontal angles, there is yet another to be men- 
| tioned, which is placed. horizontally on the bar that carries the 
| tranſit teleſcope, and is directed to the diviſions on the ſemi- 
| circle attached to its axis, for the meaſurement of angles of 
elevation or depreſſion, as has already been taken notice of. 

| This microſcope, which is of the ſame conſtruction with the : 
| others, but larger, being upwards of nine inches in length, 1s 
5 repreſented in its full dimenſion in Plate VI. It has, like the 

others, i; ide made of ſteel, of ſuch thickneſs as to permit the 


micrometer! 
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micrometer ſcrew to be formed of it; and it carries a vertical 


wire placed in the focus of the eye-glafles, in which poſition 


it is moved parallel to itſelf from left to right, by turning the 
' micrometer head. This ſlide is alſo attached to a watch ſpring 
which acts iu a contrary direction to the head, as in other mi- 
croſcopes of this ſort. ; » „ 
Each degree of the ſ-raicircle being divided into two pant 
or 300 „aud one revolution of the micrometer head moving 
the wire in the field of the microſcope 3'; therefore in 10 re- 
volutions it changes its place half a degree or 30“, which are 
thewn by a ſcale of 10 notches in the upper part of the field 
of the microſcope, and alſo repreſented towards the top of the 
Plate. Each notch correſponds to 3 minutes or 180 ſeconds, 
and the head being divided into 3 minutes, and each minute 
into 12 equal parts, therefore each part 1s of the value of five 
| ſeconds. | 1 85 : 


Arr. XVI. Concerning the Semicircle. 


With regard to the ſemicircle, which has been repeatedly 
mentioned in the courſe of this deſcription, it is yet neceflary 
to make ſome remarks; and particularly to ſhew how, by its 

means, the axis of viſion of the teleſcope, when adjuſted, 

brought and kept truly horizontal, which 18 effected in the 

following manner. 5 

On the oppoſite ſides of the horizontal bag that carries the tele. 

| ſcope there are fixed four ſmall, but finely poliſhed bell- met. 
planes, two on each ſide, on the right and left of the top of th: 

vertical axis, in ſuch a manner as that the ſurfaces of the two 
on either ſide are directed to or in the ſame plane with th: 
center of the axis of the teleſcope. | Theſe planes will be belt 

conceived 


n 
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conceived by obſerving attentively the top of the vertical axis 
in the ſection towards the right hand of Plate IV. On the edge 
of the ſemircirele may likewiſe be {cen a moveable clamp, eaſily 
made to flip, with the hand only, around its circumference, 


and it carries with 1t a very fine ſtcel ſcrew. When the ſemi- 


circle 1s towards the left hand of the teleſcope, which is its 
ordinary poſition, the point of the ſteel ſcrew. reſts, or may be 
made to reſt, perpendicularly on the ſurface of the plane 
that is on the left of the vertical axis. But when the tele- 
ſcope is inverted in its Y's, or turned upſide down, as is the 


| cafe in adjuſting the line of collimation, the ſemicircle being 


then on the right of the teleſcope, and the clamp neceſſarily 
brought down, the point of the ſteel ſcrew accordingly reſts 
perpendicularly on the ſurface of the plane to the right of the 
vertical axis. Thus it will be readily conceived, that in ad- 


| juſting the teleſcope by the level for elevations, which is then 


conſtantly ſuſpended on its proper rod, parallel to the axis of 


| viſion, the action of the ſtcel ſcrew on the bell- metal plane 
| ſerves not only for the adjuſtment of the teleſcope i in a truly 


horizontal poſition, for angles of elevation or depreſſion, by 


| the motion of a wire in the focus of its eyc-glaſs, in the man- 


ner hereafter to be deſcribed, but alſo to keep it in that poſi- 


tion, by the ſuperior weight of the eye end, rendered ſo on 
purpoſe. By the ſame means the teleſcope remains ſteadily on 


any object that it may be directed to for interſection, whether 
above or below the plane of the horizon. 
One thing more with regard to the 6 muſt be men- 
tioned, namely, that it gives angles of elevation 12” too great, 
and thoſe of depreſſion 12“ too little. It is very eaſy to con- 
ceive, that this aroſe from the impoſſibility of divi, ding it on 
the axis of the teleſcope to which it is fixed, and through the 


Centers 
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centers of whoſe pivots an imaginary line paſſes that ſhould at 


the ſame time have paſſed through the center of the ſemicircle, 


Mr. RAMs DEN took the beſt method that could be deviſed to 
render the excentricity as little as poſſible. Having framed the 

ſemicircle, and ſcrewed it in its place on the axis, he made a 
Neel point firmly fixed to the horizontal bar deſcribe the con- 


_ centric arcs whereon the diviſions were afterwards to come, and 


then marked the point for zero, when the teleſcope by adjuſt- 
ment had been brought as nearly horizontal as poſſible. Theſe 
previous ſteps being taken, the ſemicircle was removed, divided 
on the engine, and replaced in its orginal ſituation. Never- 
theleſs, when the inſtrument was carried into the field, and 
u adjuſted, the error was found, as has above been 
ſaid, 12”, which of courſe became the conſtant quantity to be 
applied with its proper ſign, when angles of 9 or de- 
Feen were taken. 


aur. XVII. Eye-glaſſs of the PRES and mechani jim Ui the 


wires in their Joci. 


It has been already mentioned, that the teleſcopes of the in- 
ſtrument are furniſhed with eye-glaſſes of different magnifying 
Powers for erect and inverted viſion, ix for each teleſcope, as 
: follows, VIS, 


Erect Mon. labert viſion. 

— ß — —ͤ— 

. Power. N Powen. 

„„ : i N. | 58. 9180 N. 43. 
For the lower teleſcope, ] 2. 88. „ 
VVCVVCVP T. 
3 V) > OT” 
For the upper rleſcope 2. "Bl. 1 7 5 
W *Vk 3. 16. 3. 80. 
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With regard to theſe eye- glaſſes, it is only neceſſary bord to 
mention, that thoſe of the leaſt magnifying powers were found 


both in day and night obfervations to anſwer the beſt, 


In the focus of the eye glaſs of the lower teleſcope there 
are only two wires crofling each other in acute angles, which 
are vertical, inſtead: of being placed at right angles, horizon- 
tally and vertically, as was the ancient method. Since the 
lower teleſcope never moves through more than a few degrees 


of a vertical arc, the wires require little or no adjuſtment. 


Nevertheleſs this was provided for, by allowing room for a 
ſmall circular motion of the end- piece, which, when adjuſted, 
is then faſtened by its Proper 8 and never afterwards 
needs any alteration. 17 
Buy referring to the middle part of Plate VI. two repreſen- 


tations of the eye end of the upper teleſcope will be ſeen, with 


the eye · piece removed. Five wires are ſhewn in this end, 
namely, two that interſect each other in acute angles, fimilarly : 
to thoſe in the lower teleſcope ; and three that lie horizon- 


| tally or parallel to each other. Four of theſe, vis. the two 


that form the acute angles, and the two extreme horizontaÞ 
wires, are fixed in the focus of the eye-glafſes to the farther ſur- 


face of a thin braſs ſlide, ſuppoſed to be ſeen through the out- 
| ward braſs, and therefore ſhaded more dark than the reſt, This 
| ſlide, as will be conceived, lies neareſt the eye, and is move- 
able from right to left, and, vice ver/a, horizontally, for the 
| adjuſtment of the line of collimation, by the inſertion of a 

ſmall mill-head key, on a ſquare pin ſitted to receive it, and 
| ſecured by a ſocket on the right hand fide. The fifth or mid- 

dlemoſt horizontal wire is attached to the heareſt ſurface of a 
| ſteel flide, that lies contiguouſly to, but beyond the former. 
It 3 is made of one entire thick piece, like thoſe of the miero- 


men ſcopes, 
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ſcopes, to permit the micrometer ſcrew to be formed of it; 
and it is repreſented in the uppermoſt figure attached to a 
watch ſpring coiled up in the uſual manner. 

Buy the motion of the micrometer head, the flide, and with 
it the wire, moves upwards or downwards in the field of the 
teleſcope, a ſpace equal to half the diſtance of the extreme 
wires from each other. This motion above or below the cen- 
tral point, which was made to correſpond with the acute inter- 
ſection of the wires placed in the axis of viſion of the tele- 
ſcope, 1s performed in ten revolutions of the head, as denoted 
by the motion of the dart, ten diviſions upwards or down- 

Wards, in the narrow groove ſeen at the top of the figure. 
Now, by the means of this piece of mechaniſm in the eye- 
end of the teleſcope, it will appear ſufficiently obvious, that 
ſmall angles of elevation or depreſſion may be determined with 
great accuracy, when the value of a certain number of revo- 
lutious and parts (the circumference of the head being divided 
into 100) have been once aſcertained by repeated obſervations 
of the altitude of any well-defined object taken by the ſemi- 
eircle. Thus it was found, by experiment, that 7.7, r revolutions 
of the micrometer head were 5 to au angle of 55 ation or 
depreſſion of 10” 59“, or 659”, on the ſemicircle. Whence 
it follows, that one revolution raiſes or depreſſes the wire above 
or below the central point 1” 240.8 134, or a little more than 
8481. And hence a motion of one diviſion on the head raiſes 
or deprefles the wire nearly .,*.ths of a ſecond. „„ 
In this manner were determined the reciprocal elevations or 
depreſſions of the ſeveral ſtations of the ſeries of _ with 
| regard to each other. 11 | gh. 
By obſerving attentively the four 1 3 in the 
outward end of the teleſcope, : a dotted groove will be ſeen 
under 
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under the head of each, And in the uppermoſt figure there 
appears a flat braſs ring, ſoldered to the inſide of the tube 
about half an inch from the outward end, which carries on its 
| ſurface four ſtuds to receive the lower extremities of the four 
} | ſcrews. Thus the grooves allow room for a ſmall circular mo- 
| tion to be given to the end- piece for the vertical adjuſtment of 
the fork of the wires, thoſe that are horizontal being by con 
ſtruction at right angles with it. This being done, the ſcrews 


are made very faſt in the ſtuds below, and thereby the whole 


machinery of the end- Pſa... is rendered perfectly firm and 
ſecure. 
There remains yet one piece more to be barely mentioned. It 
is the priſm eye-tube, repreſented by dotted lines towards the 
right-hand fide of Plate VI. as attached to the eye end of the 
tranſit teleſcepe, inſtead of the common eye-piece with two 
convex glaſſes. In leaning over our inſtrument to obſerve the 
| pole ſtar, highly elevated in theſe latitudes, the body is neceſ- 
| farily thrown into an inconvenient fatiguing poſture, whereby 
| ſomeriſk is run of deranging the inſtrument, and conſequently | 
of making the obſervations leſs accurately than when the oh⸗ 
ſerver can look directly forward, without bending the body ſo 
much. For this purpoſe, Mr. RAMSDEN promiled to ſupply 
the priſm tube in 1787; but it was only, and with great dif- 
ficulty, obtained in 1788, by which time Mr. Darsy had 
accuſtomed himſelf to obſerve very well without its. ſo that it 
was never uſed. 
By employing this piece, light | is NO doubt loſt; berate the 


image paſſes through more glaſſes before it reaches the eye, than 


when the common eye piece is uſed. But for obſervations of ſtars 
nearer the zenith than the pole ſtar is in our latitudes, it would 
be indiſpenſably neceflary, It would likewiſe be advantageouſly 
eee n 
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uſed in looking at the meridian ſun in ſummer, for which pur- 
poſe it is furniſhed with dark glaſſes, placed in a flide moved 
by rack-work, as may be ſeen from inſpection of the plate. 
They conſiſt of three priſms, laid cloſe to each other, ſo as to 
form, when thus aſſembled, a parallelopipid. Here the green 
priſm ſtands neareſt to the eye, a dark one fartheſt from it, and 
between the two, one of white flint glaſs, for correction of 
the refraction which would otherwiſe take place. It will eaſily 
be conceived, from the diſpoſition of the priſms, that the 

_ darkeſt medium is here towards the left; and that it becomes 
gradually lighter towards the right hand, where a void part in the 
frame is brought into the field when the ſtars are obſerved; or 
when, from the circumſtances of the weather, it way be 1 unne- 
: ceflary to ſcreen the eye from the ſun' 8 8 = 


Anr. XVI Genera! management. of the  infrument fo 
obſervation. 


When the inſtrument is uſed on the ground, it is covered 
from the weather, under a circular tent, eight feet in diame- 
ter. Four ſhort piles, hooped and ſhod with iron, are driven 
into the earth, and their heads levelled, by laying acroſs from 

one to the other a mahogany ſtraight ruler, having a ſpirit 
level attached to one fide of it. The feet of the ſtand being 
then placed on piles, are firmly faſtened to them by means of 
long ſquare- headed ſcrews, only one of which may be ſeen in 

the view of the inſtrument, belonging to that foot which ſtands 
neareſt the eye. By working with the four ſcrews fixed in the 
octagonal mahogany plane, the plummet ſuſpended from the 
center of the inſtrument is brought accurately over the point 
on the ground that marks the ſtation. The ſcrews of the feet, 
with the fide nuts appertaining to them, are. then flackened, 
6 5 
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to give ſufficient room for the adjuſtment of the inſtrument, 


which by them 1s brought to be level. 


Arr, XIX. Adjuſtment of the axis Level. 


The axis of the upper or tranſit teleſcope being brought c over 
any « one of the feet, and the circle being clamped, hang the 


| axis level on the pivots or anſe of the teleſcope, and bring the g 
bubble to the two indexes; then reverſe the level, that is, turn 


it end for end, and note the difference. Biſect this difference, | 


one half by the level's proper adjuſting ſcrew, and the other 


half by that foot-ſcrew only which is in a line with the axis. 
This operation being repeated until the difference wholly va- 


| niſhes, the level will be truly adjuſted, that is to ſay, the bub- 
ble will reſt between the ſame ——_ in both poſitions, | 


Ax 7. XX. Adjuſtment of the devation Level. 
This level being ſuſpended on the rod attached to the out- 


fide of the tranſit teleſcope, ſcrew the ere& eye-tube on, to 
| make that end preponderate. Adjuſt the bubble to the indexes. 
by the ſteel finger-ſcrew at the tail of the ſemicircle's clamp. 


Reverſe the level, and note the difference. Then biſect that 


difference, and correct one half by the finger ſcrew, and the 
f other half by the proper adjuſting ſcrew under the level, and 
; ſo on repeatedly until the difference wholly vaniſhes. The 
level inay theu be hung on the two pins that project from the 
; horizontal bar which carries the teleſcope, where, being pa- 


rallel to the axis level, it will ſhew when that is removed (as 
is commonly the caſe when terreſtrial objects only are obſerved) 


I whether the plane of the inſtrument ſuffers any alteration. 
If this ſhould have happened, the level on the horizontal bar 


is at all times ſufficient to correct it. 


ART. 
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Akr. XXI. To ſet the vertical Axis perpendicular. 


This may be done by either level, but beſt with the axis 
level, which being ſuſpended on its pivots, muſt be brought 
; parallel with two of the feet of the inſtrument; and by the 
{crews of theſe two feet, the bubble 1s to be brought between 
its indexes. The circle being then turned round 180%, if the 

bubble changes its place, half the difference is to be corrected 
by one of the feet ſcrews, and the other half by two capſtan- 

headed ſcrews, that act againſt each other, under and belong- 
ing to one of the Y's, or ſupports, in which the pivots reſt. 
When the bubble is found to be juſt in theſe two poſitions, turn 
the circle 907, which will neceſſarily bring the axis over the 
third foot of the inſtrument. Then correct any error there 
may be by that foot ſcrew. In this manner the circle will be 
made to revolve again and again, without any alteration what- 
ever of the bubble, which ſhews that the vertical axis is then 
truly perpendicular to the horizon. ; 


An r. XXII. To make the line of Collimation in the teleſeope al 
right angles with the tranfuerſe Axis. 


The pivots reſting in their Y's, direct the teleſcope to ſome 
diſtant well-defined object, and let the circle be clamped. 
Then reverſe the axis, that is, turn the teleſcope upſide down. 
If the interſection of the wires does not co-iuciuc with the 
object in both poſitions, half the difference muſt be corrected 
by the motion of the circle with the Hook's- Joint, and the 
other half by the motion of the braſs ſlide in the eye end of 
the teleſcope, by applying the milled- head key in the ſmall ſocket 
{een on the right hand ſide in Plate VI. and ſo repeatedly until 
the difference wholly diſappears, 

ART, 
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| ART. XXIII. To ſer the Red on which the 8 level hangs 


Parallel 70 the line of Collimation. 


The vertical axis being ſuppoſed to be nearly vertical, hang 


| the level on its rod, and rectify the bubble by the finger n 
of the clamp. Set the horizontal wire on the ſteel ſlide, to 
interſect the center of the oblique wires, and place the dart or 
index at zero on the micrometer head. Then obſerve ſome. 
; diſtant diſtin& object covered by the horizontal wire. Invert. 
the ſemicircle, that is, turn the azimuth circle 180 and the 
| teleſcope upſide down, fo as to bring the wire upon or nearly 
upon the ſame object. Now, if the level be not right, rectify 
| it by the finger {crew at the tail of the clamp. If the teleſcope 
| does not now accurately cover the ſame obje& as in the former 
| poſition, biſect the difference by. the ſinger ſcrew of the clamp, : 
| and then rectify the bubble by the capſtan-nuts under one end 
| of the rod. Repeat this operation until. the level is right, 
when the teleſcope ſees the ſame objects in both poſitions, and 
thereby the rod will be brought parallel: in altitude to the line 
of collimation or axis of viſion. 


The adjuſtments of the microſcopes having been bd ſuf- 


| ficiently explained, in giving the deſcription of the effential 
. parts of the nen, it is unneceſſary e them. 


ö aur. XXIV. Of the weight of the inftr ument, and mode 0 


tranſporting it from place to place. 
The inſtrument, whoſe deſcription and uſes we have. here 


| atenipted to give in a general way, without reference to its 
minute parts, by a multitude of different characters, weighed i TY 
the whole about 200 lbs. It is contained in two deal boxes; 


1 one 
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one of a circular form for the body of the inſtrument; and 
the other of an oblong ſquare figure, for the trankt teleſcope. 
Within this laſt box there is oue of mahogany, that holds all 
the ſmaller parts of the apparatus. The ſtand, ſteps, ſtools, 
pullies, ropes, tent, and canopy for the ſcaffold, &c. &c. 
weighed at leaſt as much more. The whole attirail was tran- 
ſported from place to place, in a four-wheeled ſpring carriage, 
drawn by two, and ſometimes by four horſes. The carriage 
part, originally that of a crane-necked phaeton, was preſented, 
with his uſual liberality, by Sir Josxpf Bax Es; and upon it 
was built a kind of caravan, covered with painted oil-cloth, 
whereby every thing within was kept dry and ſecure. * 


SECTION THIRD. ID 


Deep of Various articles of machinery ante uf 71 in the 

trigonomeirical operation referred to in Plate VIE Alfo the 
alſtinction of the frations into two ſets, * 7 the N 2 
being . to in Flu LV l II. 


5 AA bein I. Portable Scaffold. 

f IN the account of the meaſurement of tho baſc on Houn- 
ſlow Heath we have ſhewn, that the ſurface of that remarkable 
plain is not elevated more than fifty or ſixty feet above the mean 
level of the ſea, From this ſmall elevation, and the circum- 
ſtance of its being ſurrounded, almoſt on every fide, with lofty 
trees, it was from the beginning ſufficiently obvious, that, in 
order to be enabled to make the obſervations of the collateral 
ſtations 


Philo 


2 


Trans. Vol. LXXX. Ius 


. 


l 
WANG 
"W j | 

1 
[{ " 


Tx 
5 
* 
49 5 
PP... 
1 64 a 
124 4 | 
3-4. a ; 
4% 
* 
* 
% 
* 
* 
5 
” 
* 
U 
* 
wo 
ol 
% 
N 


e 


l 


1 
bins ' 
ͤU— 
SUBS 


MMM NLANINE 
EEE 


ou 
1 
nn 


— 


Taub all bl 


Lt 


- 
o 


L475 
£3 


Ceneral View T { the Instrument. 


— 


— 


2 0 » * - 
* K * ENF 7 
4 —rj?.ññpX—X—2-=. — — W — 


— 2 ——— — 


.. 


* 5 — — 
. 


— 2 — 


if 


| 


Scale of Inches. 


P1020 4 42 $8 44 af 536 a7 88 5g go 3: 3t as--.3 
— — cr , . Oo ny — . 


. . 9 He 


. 


. = ” | _ | | 


ee ener II 
Section of” ar Lise, /. the N 
Mnicroscopes, and tn the direction Ta 
22 Arcs Ma the [eleswo pres. 
9 * * * 3 3 
2 Tr i 


* 1 
15 


N wa , | 
" #i DU 
0 1 4 


4 


— — — — 


- — — 


4 Vii 

q' by e 
M Me 
ill 
i 1 398. ! hi 


l 
"ill 


| 


if 
M 
With 


44 


44 36 7 30 49 10 


2 0: 


— . — 
= 


5 3 
7 — n 
3 
1 — 3 
1 . = 
+ — — wa” >, ** 
n 
— — 
Wk g - 
— 
* > 


= * 
an * 
at oe 


: j 
TY 


' 999.1 a) 


——— PLLA UW Ara HELI oo 


1 


Section / the Dnetrime 
angles to he JOrmut; 66 2 
Tolescope, with the Level f, 
altuched to it 22 newer, 


sereted th Leet. 


| i it 0 » 
U 0 


ql! 
vi 


ip Wi 
it! l 1 } , 
a 


R. Fa 171g aet. 


— 


— — —k B — — 


trument at right 

11; where the ( per 
eel Jor Altitides 8 ; 
nevertheless. repre 


# 


M1411 4444: 41h 
Hi 4 | 
Hm, ] | 
4 Iv 4th 11 1 U n 
it Ih 1 q 10.001 i 
j ' o Pb! 4 { U 
41-1 : {þ 7 l N. [ 
in | 11 } 
. 1 * N | 
ann N * my 4 
: 1 7 
| Wh 14.6 ( Z 
i Mint i * : 
{ t {Hu fl } i 
} Mi | | n 
1 i 
? 
: : G 1] 
i.t 


| IF 


. unn 
N 


4 Vii, z ! 
| . PV! . 
. a 


— 


Wag 


N = 
1 
8 


l 
( 
: 
[ 


— 


* 


1 
4 
: | 
at 
+4 1 
1 4 
| 
\ 


; 
LI 
E 
1 
23 
, 
-þ 
I 
-1 


+ 


——ä— . —— — — — — 


q . 
| l 

Mi , 
i 

. "4 

. ' 

* i 

WV) 3 

/ : þ 
3 
15 

1 

1 „ # 


PI. V. 


Plan / the 79 7 g, the vertical Aus, with part of the honeontal 


Bar for carrving the Upper Telescope; in therr real dumensons. 


"I 
| j Vi N 10 108 1 it 
ae | + 1 lj ii I} 8 ith 4 ' if uit watts AN "th . 
Wade * HP! 157 100 HM ul, il MT, } i 11:8 ng _ K A } Bi 0 } lee! ' N MRI i THT 
l) \ 1 ib; Wi 11 . 1 100 HA Fine \ ! : wht 110 WIRE "i mn "yy oh 4. #170 e 7 
10 's li a, i! [iy WW | 0 ji |; 00 100 "ul 1 il e W Mt it Un i 1 Mai 


5 pil WIT 
: 111 %s 111 
(=) ; 1 110 . 1 


+ e 11 ahi | 160 j fi 
iti} WARN 
il Galli 
0 i} 
0 190 i W j 
\ 1 1 i tit i! it 
Ae 
1 i 5 N 
hb 10. 60 f 160 j ſt 1 100 0 9 00 N ee 1 WR With Wa, 
Ke 100 10 eee e 


Section / the Lug of the vertienl Arts. 


= 
— 
( 
= S... —— : 0 
= 
5 


kk. is. i. i... 


Milled-head -Key // 


= 
=> 
= 


— 
;F 4 
11400 
H "7; 
11 
HMM 
1 11 
at mit ; 
7H 4} 
PILL ' " 
HEHE ( 1p * 
— 1 0 
(11490100 5 Mn 
| 
: i 
[ i! {ty 5 
WHEY 1 Hm i 
MOHR 114 
nn Io j: 
1 
my lit 
Hil it 
f! , 
I. on Ih | 
IM | 
HET! 4 N. 
0 
. 1 Wit | 
"+ ' 
An 170 * 
160. 61 
" ii iv 
[ | 16 . 7 i 
. 1 \ 
' 14 " 
'! e 
* 


| "07" | 
3 5 
| | 
[ 1 
= — 110 


166 


clamping {lie 111 WHTrZ 


Scale Us 7 r 
ral 


—— — — — — - 


Plan u part of the 
* "trele, with the ( Vamp, Wheels, 
Sera, and Hooks oli, that 


gue 7 „oil, motion. 


nn 


1292 


74 
Msi. 


4 ſor Parts reprevented 170 het 


77 , 77775 7 gt. 


128 


Various parts of the Instrument represented to large 


Scales 


— —v— ——ů— — —— — 


lit | 1 110 | 
MOVIN 


l 1 MATH! 
THE! MITTENS 
| 161916670 | 
1 i! it! 
1117 11 
14 11111 it ' : 
F 1 {1 
1 it [ Mine 1 
HLH Ii 1 | 
it! 611 itt iti! | Won 
KATE: ee Mn 
1711-7. WITTE 170 
1 ae i HIRE 
11 Mine [ | my 
Ht i! fil i 1170 "ntl 
[ 1 I 15 
5TH! HI ; Hann 1 
7 NM I! ' ty 
: Hit : { o 
i ' 11 | Tet | | 
; Nite 111707 Iii | 
"Hint Me Mn | 
1TH aan Int Vii iti FR 
; ii 11 i! 11 ji % I 
147 iii | | 
hy 14115 [1 vt ö EI! 11 
10 1 0 M 
1104 if e 10010 WHIT iii! I! | 
$194! W Anne 
Wei! ee e M 
11 Me 1 | 
TOTES 1111 i | | i 
1 1 
{tf 000% 100 | 
e 
ii THEE 
iy ith it! 
il 4 x 
M 
1 1 
We 
; i 
10 


i 
11 
ll NI | 
4 
mT ny my T (1604644141 4100481 $514 [ 7 119 
ah i}! 110 A 1 144 
1 {ni} 17116 Kot lt li i} ' 
it; i ; N. W Tank ! TIT ' 
f 1 WH i} 10 [itt 1 
i 1617551 ' oth 1 nn [ 
| Hit Mee i | i ö 
Nth nn til li 
* 


Section /hrouwg/t one of the Fit: Ser Vis, 
whereby the Instrument is levelled; and of” 
(hr lhree Mahogan, „ Pluncs hut are under it. 


Wi 


' Mn "i 
li 10 0 Mee 16 00 
0 SAI 0 MN) 10 


l mmm 


i Will | 


ft Filth} 
il I 10 ir i 
Ul! 


Will! 


oa N MM M Nene 
TY 100 | j jt HOTELL ll Wii ' e Men if If! | 


1 MIN Miet 1441 Harne i" 1 
1 An ws | : 7 5.1 i 0 
eee Me 0 
1 4 1 


TT 100 | 0 
e WONG Wil | 


lng 0 0 | | "| il 0 li a DOA 
: 111 inn THH | tit 
1 


H Th 


. , * * 4 
Scale 9 [nches for Parts ies. ted lo 40 
10 5 — 4 — 3 6 7 8 


1 In 
Wi 4 
: 1 
{i 
L 
0 | 10 
b ai; 
10 
7 {il 1110 
| * Mn 
—— 
Tee 
Menne ji I" 
HI HATH Mia 1160 U . 
KMM Mae UHU 
eee At 
{ Mini 


Section through ONE Ma the Feet -e 
whereby the Instrumment ts levelled; a 
the th POO Mahogan y / ants jut, are 


— — 


TT mm In 
Waal 1160 of 1110 
SULDTTTRTTM NEG 
MMM 
ait in 
Mitt 


0 Wh Wi i 0 


MN 


[1 


1 


þ eiten 1 i | 1 
1 0 th | il Falls ö 00 ll lh oh 0 90 Ih Mil | 0 ly 0 j 9 il 10 i} ith 0 {ll ll 
Nini Ii il} [1 i tit K Nenne Wil! 17341410 NI 
eee. 1 MN Ml 0 We We RAIN: i 0 ii 
(RG HTN „ Ui Mill lh 0 HAR 1 W Wh! NIN 
i etl i; IN 100,0 [it G 4 


i 10 el. THT nt mts 
MR e IN nn 1 Wil 
(HRP iN NW" 
b i i HE! U 0 100 ö 00 0 0 1 10 j | | | 1 
Me MaM ee mn e jill 160 M 0 ee NAN! Wh i 
O⸗ö 0 1 e N 40 00 N ig j 
i 1 il! q j 1/ | ö i ij | fit fl if 1 il li It] li iff [ il 
e l 10 M 100 | MN i i WAN 10 A ii! 1 i malt KINA 
! Tm | \ 1 e N e hl 
THIEN | 1 We ON 1 e 0 
0 . . e | 0 WANG ee 0 0 
10 | e e 
4 un : Ie i U e e n 
: * * * 
Scale of [nches,/ 
; 10 9 1 2 8 
222277777 L 1 1 


ge Scales. 5 | 


lan of one of the Feet of hs Drethtement. e bl 
ale Ms: Oe he real demensons.. N Wil 


q 4 


: uw 
1 » 
"41 
1819 ; m 
i $13 of Mitt 
; Mi 1 1 
| { 
io! 1 ' it! 
5 4 
wth y 
il eren 
Bi; 
A. ml HUN | | 5 * 
Wi 61116 pq 
Hie in 111 it! 7 
; 1 01 tity N | AVG A 
KBr HAHN if | W l | 
| N 11 Wt; ' 4 ! 
nh : 1190 Man | ' 
Mang Ih vi! A 4 HHS f 
lle my 1060 4 ' Wil W 
11111 nl [ 11934101 1170 1 . ahn 
eee, Me ore f | 1 
ih nnen HM! ne MI | i * 
Miet 11% I 16110 0 
i " 1111 th | ne HIDE 1 1. b : 
WMP WORN WI Wi | | 
Wt KMM 160 MM ! 
mt MA Mik. et If ll 
1 Wee ith! 
% e I! 4 11 b It 
Mit Han 1 11111 ' 
eee 
"mil Tall 
oil 
' z [ 
1000751] ' it 
e 1 H 1 Künne, 
ee ff 
Mee 
Mee 1 
He "We 1 HEN Wh : i; k 
"i HH | "ny 
Ih W111 [ Wit W114: f * 
AI. 111 AAA tt! I't * i 
MM {tl 10 ji 
11088 0 116 q 
116616 111 
11 | * * 
1 |} T3 
i 6:1 11 
1 t | Heh! 


| if | 
: [ $1! 
' T8 
M Wit ! ti ' 4 + [ 7 | | ; [ 
1111 1545 We it 1 14 * N 4 
110 MM i} 1; bv 7 1 17 Ma ' 
I "n 114450 * 1 


Mi! | | 
: i; aber i iy Ms 
! jt} 1175 
f! | Wd 
| f | 
Me | 1116 [oy lj 
ie Ill { | 
1100 MH 0 11 ien ell { / Iii 114 194% Ih if 4 
II yt HUM it 140 | ji ' Nie Minn iy ' ' 1 1704 119 1 [ : 
Mn ö if | Tk rat | 
00% AM 10 Mil | | 
A ill ST 
Ih 


ll Win M | 11111 i ; "et { ji ' ; | i 
10 100 Wh ll 1411 HATH 11 Wl! i 1 14 { 1h "WH; TH It "my [ * tie! 
Min j it ! : : ; 


7 eie, | e th | 
(led; and of : SL 


14 are unde tt. 


UM 


R —— 


g ently eee eee 
Ke eee 
* 


mA 


mT TT  mTOnTſ 
| Man 0 Whit 
ny 1 


3 5 N l 00 With OLIN 


0 I 1 jy 
200 


eue: 6A 2 Us hi 


[Or brings hr eg: Ji thi J, by 


Philos. Trans. Vol. I. XXX. Tab 


Front Elevation / 097 09 the Fete 


Seri; ew ng Hhruwise one of hte 


„ 


Blocks of boaiwood, and one of he 
lia tt. 


( OIL ul Roller * 


— . 


Ninh! i! i Nl 


il Li I | 0 Pl MO 


7 ] Tal ij Mii jal 0 
WH Na 0 e n 7 
10 * A 1 wha 
ff ih il 0 . 
FT * . 1 


10 


f WII a i 
Wl Mas * al NEG 


Front Sec tion Wa jor and 
< ont wa Je „lg . 


1 eee As 


Hom Series hl 


9 60 22 OC Jonal. N 1111109111 * [Un 


the hilp of ts ponmmet, 0101 nv pom on 


22 Ground. 


a mn mi 
in li! Ht {! A ii | | ll e 0 it i Mi e 
il 00 We WT I 10 i NH 0 bh TE e 9 0 ee Aae 
I 0 | hl 00 0 0 (NI ee 
Wh 10 1 | i "" ll 0 e li jt il TT At i! 0 (hi wt l 1115910 
li} 10 
: m I mT 1 eie 1145040 155 7 { | F ; ' i! i 
| HINA: 106 1006 100 Wee Mi I 
10 Wl 0 00 Wil {f Wil 0 il il e e jk WII ih e i e 
il 0 i 0 10 | 0 0 hill 00 W MINING! e hi WANING 0 00 eh MIN 10 0 | 
0 I i 0 "Wil jj 9 fl i" 100 M 0 I! 0 0 116 II M ty! WINE! l I! Mee 10 Il} Mut ith i 
ih 1 0 Wit 0 It WTR 0 Wi 10 10 M ill i | 0 | J Mil Iii! 10 bel wht ! ly ll 0 Mit | j IN U Mae 
UL nm 8 . | — 8 1 | — — | _ : 11 77 : — 4 I IO 4 ' 0 
My il 0 Wi il 0 Mate eee eee U eee 100 e 0 ee | 
10 6 i [ll hi li 9 hill 0 ij 0 J ill 0 ij 160 0 0 if l 1000 e 10 Mi [ 0 9 ll} "lt y [ HATE it j 1 wh Wi! 


: | ; li With 
0 Ml e Til 0 0 10 ih ill 0 I il kl ih 0 on 
100 i 16 Wil i 0 0 I 6 i 0 ill | 


[nches for parts RP to H. of . tr real MM MNENSONS . | 
"ER 3 6 7 8 9 10 1 12 13 14 15 
| | I J 


ee > ws. 


0 00% Wi 0 MW 0 e vt MW j ih WW 600 ee 


1000 
"A 


I Whit 


1 


1 1 1 1 


For the Explanatifnof 


- nt CCC 
| 8 A ELIevation. 


3 
| Upper or Braſs Slide. 
5 N N 
2 
5 a 6 adn. Wt 
2 * 2 
| — — — 11 _ 
; 0 
10% h | 
4. | = ' ll ll [ 
: - 3 ; ii ; ; 
Steel Slide. : 118 | | 
"+ 10 j li i 
| | _ f 
ö . 


\ : 
: | . nn + en Aut 
eee e a Mt Wis 
* oy wh wy ! 4 TIL 1119944 $1004 Wi 1 [236] WT 14 0 f in, "4 i l 00 | 1 

M TV 1 } HEH n \ { Wt: $ N | my } "y \ etl PL oY { 
; Wi ef ty | 0 {i Vi, ee Wr 5 Mete oF N 
7 | 9 ( ill 4 it THAT 150 MM Un MN 1th Ht in i Wit { 1 Ne Nan i 

y | M „ e e ee 
mM MT en 
j Feat ' 1 i i vio Bit} 11 1 A yl [Rt 1 ty : nh 14 * Wot l 


| General Plan 5 _— : 1 55 | 5 N 


* T I 
» * * "1 We ' 
ft A M 15 9 
4 5 mh 7 { 1 
. 166 "my 
14 if! 10% 
Gn, 0 i 
' . "ne ö 
4 146 1 
} ll 
| 


_ 
— 
— 


mite 
— 


F * 
T = 


-- - = BEWURIN! 


1 l 
: * 4 
7 $1 1 
1 1 
F F 
x 1 
8 WO | ö (nf WW i 
y : ul |» 
4 — 0 
. = } 
WS + — 
* 5 
7 * 
j - . 
4 N " 
we. 
; , 5 g 
j [ | 179 
N 4 
f ſ 1 7 
ME. | (| 
i i li 
l j 
q 
\ 


ö 
; 
\ 


x 7 
| | 
: þ q j 
" { 
3 . 4 4 
if nr 
| 1 


FE 


S4 


ow, 
— :=: —ĩß—5r—fPC 8 


5 E 
—ͤ——— og — 


— 
—— — 


— ar > 


i; 1,98 
1 
4 ' 


0 


e 


. 


& 


not the Microscopes, and Mechanism lor the Wires i 


0 


Scale of | 


10 


Glases, 


the 


Position of 


Nlagniſied eule f the Hot 


0 


| 


Micrometer 


LI 


re ©; 


enitied 


Wy, 


Ala 


Ws | 


— — 


49900” 


i 


ITT TIITEETTT TT TIOG 


ILL 


hn, 


e! 


Wires in th 


he 


m for 1 


18 


echan 


and M 


LS 
* 


Scal 


10 


4 


Magmified Scale af 1 


my, 
WERE! tle a 


CS D Deo wwe tare Se LE 


8 7 
LAY 1 

Mo 14 we oi * 

- 

— 
2 ; * 

— ; 5 
— | 


— k 


; trsssse =» f ; . 


* 
e 
„55 „0 


is I, 

— 1 

. Wk 

oy at tho 


r — — 


8 — » — — 


Dre 


nh, 


he Eye-ends of the Telescopes. 


— ———_— 
N — 


Phelos. Trans. Vol. LXXX. Tab. 


| ß u — . — ůÄuce mn nn onn conc 
Scale of Inches. HR r 
1 | ” 4 
* , 
JJ —T En SH Eg LY 
0 5 | 9 : 
»ale of the Horizontal Microscope . : ; 
VVV . ti ae cregie 
| ö f 55 
» 7 o 7 
3 1 1 
2 ' 
; 
Front of the Irism Eve Tube. Rana Cob ea Parka ak Shar banc, eee otertanene ee ag3 
VV FF 
plan of the Slide with the Dark Glafs es % 8 
; „ þ IONS 155 N | . ; 71 ; : | | . 5 n = 
Micrometer Head. iy —— 
Priem Eve Tube of the Feles cope, | i 
| . 


> mam — — 


— —— 


HORIZON TEA L Megos cor. 


n 
Kamm 


* 


/ Online HP) 


the Trigonometrical Operation. 53 
ſtations from the extremities of the baſe, it would be abſo- 


lutely neceſſary to raiſe the inſtrument, by ſome means or 


other, to a conſiderable height above the ground. For this 
purpoſe the portable ſcaftold, whoſe plan and elevation are 


repreſented on the left hand fide of Plate VII. was conſtructed. 
It conſiſted, as may be ſeen, of an inward ſcaffold for ſup- 


_ porting the inſtrument, and an outward one for the obſervers, 

wholly free and independent of each other, the platforms of 
both being framed about thirty-two feet above the lower ends 
of the ſcantlings, which reſt on the ground. Theſe being 


made of ſquared deal, and the ſeveral parts being bolted and 
ſcrewed together with many iron ſcrews ſecured by nuts, the 
whole could be readily taken to pieces, carried in a waggon (for 


which it made a complete load), and replaced again in any new 


8 ſituation. This ſcaffold an iwered very well | the purpoſe for 
which it was intended; for the ſtep-ladders, or ſtairs leading 
to the platform, being attached to the outward frame, the in- 

ward one that carried the inſtrument remained undiſturbed by 

the motion of thoſe who went up and down, or walked around 


the top. The filk thread, that ſuſpended the plummet, was 


ſecured from the effects of the wind by a ſort of funnel or 
trunk, compoſed of three deals (one ſide being left open), and 
ſo contrived as to be eafily turned round to any quarter of the 


heavens, whereby the open fide was always preſented to lee- 


ward, The inſtrument was covered from the weather by a 
canvas canopy, about ſeven feet ſquare, to which fide walls 


could be hooked for ſcreening it from the wind, as occalion 
might require. By referring to the elevation it will be ſeen, 


that the ſcaffolds, both outward and inward, might be divided 


horizontally into two parts, ſo as to permit the uppermoſt half 


alone to be uſed when it became unneceſſary to raiſe the inſtru- 
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54 Gen, Roy's Account of 
ment to a greater height than fifteen or ſixteen feet above the 


ground. The whole together was never made uſe of, except 


at the. two extremities of the Hounſlow Heath baſe. The 
uppermoſt half was applied at three of the ſtations only, 
namely, St, Aun's Hill, Botley Hill, and Padleſworth near 
| Dover. 


* H. 2 bos Ladder. 


Next to the ſcaffold the plate repreſents, | in plan and ſection, 
A tripod ladder, about thirty-five feet in height. It carries on 
its top a globe lamp, of about one foot in diameter, in which 
Was uſed a ſimple AnGAxp's burner, of a large ſize, made for 
that purpoſe. The lamp being removed, a ſocket for a white 
light might occaſionally be ſubſtituted in its place; or (as was 
the caſe when we obſerved the ſtation at King” s Arbour from 
St. Ann's Hill) a flag-ſtaff might be added at the top, which 
was ſecured in a truly vertical poſition, by braces fixed to the legs 
of the ladder underneath. It will be readily conceived, that by 
a contrivance of this ſort a white light could be raiſed to a con- 


ſiderable height above the ground, if the circumſtances at any 


time had rendered ſuch elevation neceſſary; and that it could, by 
the help of a heavy plummet, be always placed in a truly 
vertical poſition over the point on the ground marking the ſta- 
tion. The globe lamp was found to anſwer very well for ſhort 
diſtances of fix or eight miles, when the weather was favoura- 
ble; but it could not be depended upon in obſervations of 
diſtances that were exntderaly greater. 


Anr. III. Common Flag. Aa. 


After the tripod ladder, comes in the plate ths plan and 
elevation of a common flag · ſtaff with its braces, carrying 
A 5 EE likewiſe 


the Triganometrical Operation. „„ 


likewiſe two reverberatory lamps. Theſe two were attached 


to the ſame iron bar, at the diſtance of three feet from each 
other. They had concave copper reflectors, nine inches in dia- 
meter, extremely well poliſhed and ſilvered. They were in— 
tended at firſt for experiments near London, and were very 
well ſeen at the diſtance of fifteen or ſixteen miles. To ſecure 


us from any uncertainty that might have ariſen, by miſtaking 
other lights for our own, one lamp was placed over the other. 


But when we came afterwards to be better acquainted with the 
appearance of theſe lamps, that precaution was found to be 


entirely unneceſſary; wherefore ſingle reverberatories were pro- 
_ vided, with /pecula of ten inches diameter, and they were ſup— 
plied with ſtill larger burners, which could be ſeen at the dif- 
tance of twenty or twenty *four miles. But here it is proper to 
remark, that theſe lamps muſt be carefully watched, eſpecially 
in expoſed windy ſituations; for if the cotton be drawn out a 


little too far, they are apt to ſmoke, whereby the front glaſs 
becomes obſcure, and therefore muſt be wiped frequently, 


They are eaſily turned on the poſts that ſupport them; and 
were, by the help of a teleſcope laid on one ſide, parallel to 
the axis of the rays (for which a contrivance was provided in the 

tin work) accurately preſented towards the ſtation occupied by 
the inſtrument at the time from whence they were to be ob- 


ſerved. There was conſtantly one of theſe lamps, and ſome- 

times two,. at two different ſtations, burning each night, when 

we were making obſervations of the pole ſtar, or W hite lights 
of ſhort duration, peed at other diſtant ſtations. 
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ART. IV. Tripod far White Lielt ts. 


Next after the flag- ſtaff (whereon a ſocket for white lights 
could likewiſe be placed, when the flag itſelf was remov ed) is 
repreſented a ſmall tripod intended for white lights only. Ihe 
fame ſocket that fitted the top of the flag-ſtaff, or lamp-poſt, 
could be applied to the tripod, by the help of three ſmall 


fockets ſoldered for that particular purpoſe to the ſides of the 


principal one. Deal rods, of five or fix feet in height, or ha- 


zels cut from the neareſt hedge, ſerved as the legs of this ſtand. 


The ſockets themſelves were made of copper, becauſe thoſe of 
iron would have been diſſolved by the ſulphur; and the upper 
part, which was only an inch, or an inch and an half, in 
height, was ſquare or round, according to the figure of the 
boxes containing the compoſition, ſometimes of one kind, and 
ſometimes of the other. Theſe white-light tripods, being 
5 readily placed by the help of a plummet over the point mark- 
ing the ſtation, were found to be very convenient on the top 
of an open hill, or on the leads of a church ſteeple, as the 
perſon attending them could eaſily light the box with the poet 


fire, W the aid of a ladder. 


1 5 Poriabl Cas, 


On the right hand ſide of the plate is repreſented, in plan 
and ſection, and by a larger ſcale than the others, a portable 
crane for weighing up the inſtrument to the tops of ſuch 


towers, church ſteeples, or other buildings, as became ſtations 
in the ſeries of triangles. It was conſtructed in the Tower of 


London, and anſwered very well the purpoſe for which it was 


intended, dee it might ſtill be improved. Before we 
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the Trigonometrical Operation, 57 
were ſupplicd with this crane, we made ſhift, by the help of 
a long beam, and a moveabie treſtle by way of fulcrum for it 
to reſt upon, to get the inftrument up to the top of its own 
proper ſcaffold, and one that was ſtill higher, erected over the 
| tranſit room of the Royal Obſervatory at Greenwich. 


Ar. VI. N eaſons for changing certain Stations. 


In the courſe of the trigonometrical operation, the center 
of the inſtrument has conſtantly been brought, even almoſt 
to mathematical exactneſs, over the preciſe point marking 
the ſtation, whereby reductions to the center on account of 
excentricity have been avoided ; and the ſtations have been 
diſtinguiſhed, as far as poſlible, by permanent marks in ſuch : 
manner, that, while theſe remain, the center of this or any 
other inſtrument may be again brought into the ſame vertical 
line. By theſe means our recent obſervations may be repeated 
on any future occaſion, and connected with others, which it is 
to be hoped will be made hereafter: for this operation, the firſt of 
its kind in Britain, ſhould only be conſidered as the foundation 
or commencement of a ſeries of others, which by degrees will 
be carried to the remoteſt parts of the iſland. 8 

By compariſon of the annexed plan of the triangles with 
that communicated to the Royal Society in 1787, as only a 
ſketch of the ſcheme then propoſed to be carried into execu- 
tion, it will be perceived, that ſome few ſtations are omitted 
entirely, and others ſubſtituted in lieu of ſome that were then 
intended to be occupied. Of this laſt number Hanger-hill 
Tower has been made uſe of inſtead of Kew nds. This 
laſt had been propoſed on a ſuppoſition, that without a ſcaffold 
of an enormous height, it would have been impothble to tee 

Hanger-hill Tower from King's Arbour, Nevertheleſs, after 
mots 1 EEETE a good. 
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a good deal of trouble, by cutting off the tops of certain trees, 
lopping the branches of others, and raiting a flag-ſtaff on the 


center of the ſcaffold, theſe two ſtations were rendered reci- 


procally viſible. By theſe means we not only avoided making 
uſe of Kew Pagoda, which, from the nature of the building, 
would have been a very incommodious ſtation ; but we thereby 


got rid of Clermont Tower altogether ; and thus, inſtead ot 


two ſmall triangles, one was conſtituted, larger and better, 


being nearly equilateral. 
In the introduction there has been occaſion to take notice of 
the advantage that was gained by being able to ſee Frant and 


Fairlight Down reciprocally. From this circumſtance the ſeries 


from Frant eaſtward to the baſe of verification becomes in 
reality a double one, and conſequently affords better means of 


aſcertaining the cor rectneſs of the work. 


The ſingularity of the ſituation of Dover Caſtle TY Jike- 
wiſe been mentioned. Inſtead of two ſtations near Tatterlces 
Barn and Barefriſtan, whereby it was hoped, that Dover Caſtle 

- might have been connected with the ſeries to the *weſtward, 
it was found neceflary to make uſe of three ſtations ; one at 


Padleſworth, one at Folkſtone Turnpike, and a third at 


Swingfield. Thus the ſide which connects that ancient fort 
with the other triangles is ſhorter than was intended. But 


with ſuch an inſtrument as ours, and where all the angles of 


the triangles were obſerved, no uncertainty ariſes on that 
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Having aligned the reaſons that rendered it eligible or ne- 


ceſſary to change ſome few of the ſtations propoſed in the ori- 


ginal icheme, it only now remains to enumerate the whole as 
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diſtinguiſhed into two ſets. Firſt, thoſe which : are perma- 


nently marked by pipes ſunk in the earth; and, ſecondly, 


thoſe where the iuſtrument was elevated to the top of ſome 
tower, church ſtceple, or other building. The plans of the 


platforms of this laſt ſet are given in Plate VIII. along 


with ſuch dimenſions as are neceſſary to ſhew, with regard 


to the ſide walls, the preciſe ſpot over which the center 


of the inſtrument was placed. As often as was poſſible, theſe 


ſituations were further defined, by n means of concentric Circles 


deſcribed on the leads. 


The ſtations of the firſt ſet, marked with Pipes, are fourteen 


1 number, VIS. 


Hampton Poor-houſe, | the extremities. of Hounſlow Heath 


King's Arbour, I baſe. 3 DS 

St. Ann's Hill, about the middle on the eaſt edge. 

Hundred Acres, near the weſt end of the garden. 

Norwood, -«.. .- < towards the Croydon end of the heights. 
5 Lin a field belonging to Limpsfield 

Botley Hill, 3 Lodge Farm. 


Wrotham Hill . . in a field belonging to Mr. e 


Hollingborn Hill, 5 in a field belonging to Mr. Duppkk. 


Fairlight Down, . Which makes with Fairlight Church, 
D an angle of 105 53 20%. 

Ruckinge, . - +» the extremities of the baſe of verifi- 
High Nook, . + 1 cation. | 1 


Allington Knoll, 


an artificial mount belonging 3 Sir 
Joux Hoxngrwoop. 

acer from the Church, in the 

Broom- field belonging to Mr. BRock- 
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4 Folkſtone Turnpike . . weſtward from the Public-houſe. 
1 Fo - Ĩ᷑ be ſtations of the ſecond ſet, where the inſtrument was 
| ET elevated on buildings, are nine in number, VIS. 
Hanger-hill Tower. 


Tranſit-room of Greenwich Royal Obſervatory. | 

North- weſt turret of Severndroog Caſtle, on Shooter's Hill, 
Swingheld Church Steeple. | 
North turret of the Keep of Dover Caſtle. 

Lydd Steeple. 
Tenterden Steeple. 

Goudhurſt Steeple. 


4 — 4 a a 
NNE I GOT "CFO — er EOIECCCEN = 
$i „ 3 5 — * py — a — 

— —— 97 — wr bow — RY ; . 
— 3 — 3 — 7 2 TA > 


4 Frant Steeple. 

| a Ew. . SECTION FOURTH. 

] - Calculation of the ſeries of triangles extending from Windjor to 
= „%%% om, Dunkirk, whereby the geodetical diſtance between the meridians 
L „ , the Royal Obſervatories of Greenwich and Paris is deter. 


mined. N eference 10 be had to Plate IX. 
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deſcribed, when applied on that ſurface, to determine by tri- 
gonometrical meaſurement the extent of the plane part, would 
every where have its axis Parallel to itſelf; and the ſum of ths 
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three angles of each of the triangles, into whatever number, 
great or ſmall, it might be divided, would conſtantly amount 


to 180%, But the earth being a ſphere or ſpheroid, it follows, 
that the ſame inſtrument, ſucceſſively adjuſted at each of the 


ſtations, will bave its axis perpendicular, on a ſphere, to an 


equally curved ſurface; on a ſpheroid, to one unequally curved, 


in either caſe forming the horizon of the ſtation ; and the ſum 


of the three angles of ſuch a ſpherical or ſpheroidical triangle 
muſt, as is known, always exceed 180%, loſo or more, in pro- 


portion to the lengths of the ſides. When the triangles are 
very ſmall, the exceſs being of courſe ſmall cannot poſſibly 


be diſcernible by common inſtruments. Even the fineſt, ſup— 
poſing them free from error of diviſion, will ſcarcely render it 


perceptible, without the utmoſt care in making the obſerva- 
tions, This will be ſufficiently exemplified in the following 

| calculations, where a column is inſerted containing the ſpherical - 
exceſs; and another for the difference or error between that aud | 
the exceſs of the ſum of the obſerved angles above 180. From 

| theſe it will appear, that, notwithſtanding the goodneſs of our 
inſtrument, and the pains taken in uſing it, we have frequently 
failed in bringing out an exceſs; and indeed the reſults have 


even ſometimes been in a ſmall degree defective. 


It had been at firſt propoſed to multiply the obſervations as 
much as poſſible, and particularly by ſucceſſively changing the 


zero of the inſtrument to new points (Phil. Tranſ. 1787, 
p- 219.), to meaſure the ſame angles on different parts of the 
circle, ſo as to ſubdivide any errors that might ariſe from in- 
accuracy of diviſion, or ſhake at the center. This principle, 


perfectly good in theory, and which was adhered to as far as 


the circumſtances would permit, was nevertheleſs found, on 


many occaſions, to be impoſſible in practice, without ſacri-, 
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ficing much more time than we could afford, conſiſtently with 
the engagements entered into with the French Gentlemen, 
for the co-operation on the Coaſt. At particular times, eſpe- 


cially in hot weather, there was ſuch a tremulous motion or 


| boiling in the air, that it was only during a very ſhort ſpace, 

chiefly in the mornings and evenings, that the objects were 

_ ſufficiently diſtinct to be obſerved with accuracy. So difficult 
it is to do any thing perfectly good in this way, that a whole 
day has frequently been ſpent, after watching with anxious 


care, in obtaining a ſingle one that was perfecly ſatis factory? 


At ſuch times as theſe it would have been abſurd to have 
attempted to change the zero, which always rendered 1 it neceſ- 
ſary to re- adjuſt the inſtrument by its levels. 


In very favourable circumſtances of the weather a good ob- 


ſervation by day is preferable to one by the white lights at 
= night ; becauſe, in the firſt caſe, the obſerver has time at his 
leifure nicely to biſect a fine flag-ſtaff, and repeatedly to read 
off the angle; whereas, in the ſhort duration of the burning 
of the light, he is ſomewhat hurried, from the fear of loſing 


ſome of the lights at other diſtant ſtations, if two of them f 


happened to come together, which now and then they did, 
from the irregularity of the rates of the watches of the artil- 

lery- men attending at the different ſtations. It was, however, 
by the aſſiſtance of the white lights only, that the moſt diſtant 
ſtations could be rendered viſible; and there cannot be a doubt 
that, in great trigonometrical operations of this ſort, they will 
be univerſally adopted hereafter. 
Sometimes an obſervation has been entirely loſt, or at leaſt 
1 that which had been obtained was not thought a very good 
one. In ſuch caſes a blank has been left in the column of 
obſerved angles, and alſo in that expreſſing the error. But no 
3 bad 
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bad conſequence has ariſen on that account, there being always 
ſuch other checks from tlie collateral ſtations, . as to leave 


— n doubtful- 


On the whole, although, for the Nb already aſſigned; we 
Bere repeated the obſervations ſeldomer than was at firſt pro- 
poſed; yet it will obviouſly appear from the reſults, and parti- 
cularly from the near agreement between the meaſured and 


computed length of the baſe of verification, that a few very 


good obſervations are greatly preterable to a mean that might 
perhaps have been obtained of many made in a hurry, which 
at beſt would have been but indifferent. 
I be quantity by which the ſum of the three obſerved angles 
of ſpherical triangles. ſhould have exceeded 180 was found as 
follows. oo 

| Becauſe the exceſs of the three angles of a ſpherical 


triangle above 180® x earth's radius = its area, therefore 


Area 
2 artis Tad. 


are taken in ſeconds. Now, 608 59.1 fathoms being=1® on a--- 
mean ſphere, we get the log. of the feet in a ſecond = 
2.006 1743, and twice this, or 4.0123486 is the log. of the 
ſquare feet in à ſquare ſecond. Therefore log. area in feet 
— 4.01 23486 = log. area in ſeconds; and the log. of the earth's 
radius in ſeconds being 5. 3144251, we have area in feet 
4. 0123486 5. 3144251 = log. area in feet — 9.326773 = 
log. exceſs in ſeconds; that is to ſay, from the l garithm of the 
area of the triangle taken as a plane one, in feet, ſublract the con- 
fant logarithm 9. 3267737, and the remainder is the logarithm : 
of the exceſs above 1805 in ous: nearly. 


— =exceſs above 180? in ſeconds, if the area and radius 
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„ F Hill f 12 11 3 
XIII. 50 [og , | 
Frant . 0 11 928.2 : 
a ane Down from 1 Hollingborn Hill E 1 141747.1 


No 
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_ Fairtight Down from 


Goudhurſt . 
Tenterden | 


ous 7 5 N li 5 Ob * _ [Spheri- d ] 3 cor. 9 
| * Names of the ſtations. Ns. FT «bag rected for | Diſtances, 
| | 1 excels.:| calculation, 
5 7 5 ; t * it 1720 IS wa” Feet, 
| Goudhurft | 35 26 32.5 L186 28 260 
|  } jBothey Hill -- 6 - | r + 40 4 42 
| -__ | {Wrotham Hill |... 104 28 46 | ©} 104 28 43.5 
er. N 1 JOE dee | 
_ K 
| 2 . Rotley Hill —] "OE 14180 
„„ Goudburd from ( Boriey 155 5 $2097 i; 
Goudhurſt C [ 72 23 32. 5 72 23 33-87 
rant Ee 75 33 13.63 
JI Wrotham Kill : © uf . 12 85 32 3 12.5 
5 [180 0 1. 1.3 081 1 | 
F 5 Goudhurit from rant TY [ 3 44389.68 
Follingborn Hill 4 63 40 44 | 1 63 4b 47 
* IIWrotham Hill . 52 9 11.5 | DS £2 9.18 
een I 04 4 3+5 "04: 4: 
XVI. 5 VVV | 1 1 
5 [7959 59 een ee, | 
N 4 | _Hollingborn Hill from Goudhurſt bs s > 471296.03 
„ Fenterden | TV ö : V 
5 Goudhurſt 68 13 21 3 68 13 19.5 
5 Hollingbora Hl 5 44 38 44.04 | | 
XVII. 3 | 5 0. 85 5 wh : 
| | 1 | Goudhurſt : | „ 54374.66 
1 | | Tenterden from 188 MF » 5 +a | 71855.0 
3 Fant Down 5 Sek. DS 35 20 58. 1200 | I 
Goudhurſt . 49 39 34 1 49 39 35-7. | * 
Irenterden 94 59 26 94 59 25.810 | 
XVIII. 1 o. 91 5 Z 


- [93625-92 | 


* . * i 


2134.23. 


N⸗ 


* - - — * = 
— - 
— nn in — — ͤ ⏑ Is. L — 8 ” — 
— _ n 
— — — — Ye. — — — —— — — — <4 
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—_—— 


— 


Sper] 


Angles cor- 


hats. —— 


Allington Knoll from n Tenterden 


Hollin ere Hill 


; 96036.45 | 


Ne r | Cr 1 . | 
N' of Names of the ſtations. oecd cal N = rected for | Diſtances | 
triangle“. : 5 | W | exceſs. | calculation. 
1 1 | TS ; 5 CCC 8 „ Feet. 
© | Allington Knoll . | 48 24 38 48 24 39 5 
VC 
Tenterden | 91 34 23 | 191 34 22.04 
XIX | | ow 77 221 5 


The BasE of Maas os between High Nook| 


and Auch ge 


— 


ö 


R ki * 0 893 28532. 92 
Lydd f we inge . 141533-89 | 
1 TP rom {Buck Nook | , CT 31362. go | | 


500 . 76 5» 53 14 -Gv2 
 [Allington Knoll 73 0 27.5 5 * 73 0 27 
Tenterden 43 45 22 : 43 45 23-18 
XX 5 0.67 5 | 
5 eee Knoll V5 47849.27 ö 
| p be from e, „ rn. 0b 100.93 | 
| Falrlight Down SR 54 50 18. 5 5 7 ˙ © 
| | \[Tenterden PRES 62 32 $3 VPE 
XXI. — TO. 
K* | | 1 . 
„ 5 Fairlight Down from Lydd „„ 71689.73 
e b Knoll 3 32 59 22.5 | 32 59 23 | 
r 126 42 0.25 [125 420 
Fairlight Down VV USE 1925 
XXII. — | | 
3 
IS Allington Knoll foam Fairlight Down | 3 1 106922.5 
. Lydd „I 43 20 48.25 REF YE Ts 
Ruckinge . | 48 5B 49.75 | 48 58 40.5 
High Nook near Dyme| 1 
| 1 church | | 87 40 21. 75 87 40 22 
3 XXIn. 4 | i 179 59 50. 75] 0.21 [(. 26 


No 
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„ e "on + 23d Spheri- g. | Angles cor- 4: 8 
| = os Names of the tations. Le Whig | cal ge _ rected for | Diſtances, 
triangies. . exceſs. calculation. 
1 5 ; pp oy, 5 | / Feet. 
Allington Knoll ; r . - | or 27 19.5 
Ruckinge ©; 54 19 17 = Te 54 19 18.5 
FCC fs Fad 
XXIV. CE FE, £2: 59 58 | 0.09 5 : 
| W 
| Allingron Ko Knoll : Om | Racking | 5 FIRED 1.0% 44 ; 


3 in 1150 3 fared by High Nook, Ruckinge, 


Lydd, and Allington Knoll, making uſe of the two obtuſe an- 
gles, as contained within their now reſpective known ſides, 


we have for the mean diſtance of the points of the acute an- 
gles, at Lydd and Allington Knoll, repreſented by a dotted 


line in the plan of the triangles, 47849. 27. fest. This diſ- 


tance agrees accurately with the length of the ſame fide in the 
XXth triangle, as given by the baſe meaſured on Hounſlow 
Heath. Here however it is to be remarked, that, in order to 
produce this agreement, the angle at Hollingborn Hill, be- 


_ tween. Allington Knoll and Fairlight Down, has been made 


48% 56' 28“ inſtead of 48* 56” 311, being a difference 54 
3% ＋, which, according to obſervation, it ſhould have been. 
Had not this reduction been made, the diſtance between Al- 


lington Knoll and Fairlight Down, being one of the ſides of 


the XXIId triangle, would have been 106924 feet, that is to 


ſay, 14 foot longer. Now, fince this fide, compared with 
the baſe of verification, bears nearly the proportion of four to 


one, it follows, that the real difference between | the meaſured 
length of that baſe, and its computed length deduced from 


: that on Hounſlow Heath, ſeventy miles to the weſtward, or of 
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either baſe with reſpe& to its oppoſite one, amounts oP: to 
about 43 inches, 


Spheri- R 3 Angles cor- . 

cal DM. or rected for | Diſtances, | 
| error, | a | 

| exceſs, | calculation, 


8 1 Obſerved 
N' of Names of the 4 7 angles; 


| triangles, -| ſtations. 


——— 
«% 


| . | | Ls | // C Feet. 
Folkſtone Turnpike| 24 17 6. W416 15 St -- 
Allington Knoll 76 154 | . 7e 1 53.25 


tlie Neoxk 7-79 adds; IHE Fx IO · 7 - 


— = pd 1 6— 


ä 


| Fe 8 8 3 —7¹ „ ' 


Alungten Knoll | 5 455465. * 


' Folkflone Turopike from n [gp F $4706. 0 . 


Foltone e Gan > | VF),u, 5 6 56.89 | 
Allington Knoll 109 50 ©. 5 Id 50 39.35 
„%% Þ J38 2 23-76]. 


| 


A — — 
r — — — : 


Folk Bone Turnpike from Ly0d | a — 5 2 . |84659.88 . 


= 
on. Fw 
- 
L 
1 
\ 
| 


High Nook . . 6 oY 14 48 255 
Folkſtone Turnpike| 57 2 9 CTU. os Þ 


10.16 


High Nook 5 1 — 5 . 7 
Folkſtone Turnpike | 5 DE 2 


— 


Padleſworth from { 


TPadlefworth „ 105 29 . TC | 
, | <5. - 1-9 89 9-30 + 
Folkſtone Turnpike | 64 FI 50. 64 = 


2 


1 XXVII. | e o. a 


Folkſtone Trae BET . > TINT O02 | 
Padleſworth . | 12-10. 23-- 7 -- + 40 75 765 e 5 
I 157 5 54.78 4 1154 5 544 | | 
Fairlight Doonç?ngngngngngn?ngngm 4-49 26-208 4- 


| Ss padleſworth foo [LY 3 S „ >. 119933:34 | | 


"ow 


= F 3 _Padleſworth five Fairlight 1 Down CZ os. 1 IH0112.0 } 
— | | — — 3 : | 2 5 1 Ns 


—— 
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Dover adde from { 


Folkſtone — | U 5 


7 
285 18 5 2 | |Spheri- |... | Angles cor- 
No of Names of the reg cal zee |. reed for | Diſtances. 
| triangles. | tations, Sies. [excefs. | © | calculation. 
on 5 8 5 | 1 | „7 | 70 ER „ Fect. | 
1 Swingfield - 48 38 15 — 49-45 Ig | 
= I [Padleſworth . 70 54 55 1d 
I {FolkitoneTuropike | 60 27 39.8 1 | 60.27 39.5 
XXX. — © 0 | 0.06 |— 9.06. 
xn Padleſworth | | 1 1 17056. 00 
Os Sw ingfield from | Folkitone Tw Turnpike 8 5 2 15 
E Dore Falle, North 5 1 ; | 
| Turret 34 39 26, 3 4 34 39 20. 7 | 
| [Swingfield . | 75 36 0 +75. 39/40] 
5 4 Folkſtone 69 43 $3 . 69 43 53.5 
| XXXI. + * 2] C | 
EE. — o oO 61g. 9.13 
Swingfield . 3059.32 


N LIE — ; i 


M 


— — 


— 


1 in ths quadilateral e by Folkſſone 7 le 
Swing field, Padleſeworth, and the North Turret of 1 the Keep of 
Dover Caſile, making uſe of the two obtuſe angles, as con- 
| tained within their reſpective known ſides, we have for the 
mean diſtance of the points of the acute angles at Padleſworth | 
and Dover Caſtle 42 561, 18 feet; and hence, in the triangle, 
Dover, F olkflone T urnpike, Padleſworth, we have the acute 
angle at Dover 15 18” 44“, and that at Padleſworth 34 29 


5 


4.” 4, as were repeatedly oblerved,. 
= TY 88 Caſtle. 4 | . : g | 21 37 55:44 3 = 
5 _ | [Padlefworth , [252 15 25.5 152 15 25.15 
J Dow ft <5 6 0 39443] 

. 55 1 


180113. 


* 


- 


ra | Dover Caſtle f from Le Down 


N 


þ | 
N 
: 1 | 


_—_— 
2 — * - > ———_ 
* — — "LF "EG — 1 — uy—vᷣ— —)¹ — — 
— 2 


rr, dais” TER, 
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— nr <a ores —»„—» > 
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— 
— — 
— — — Gy. 
—— 


— Pe <n_n co_ 
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Is this lat eluate this angle at 8 as 1 
with great care from a mean of many onteryations,. by the 
French Academicians, was found to be 119 41” 28” 9, that 
is to lay, 17" 7 leſs than what reſults from our obſervations 


acroſs the Channel. 


This difference, which is the maximum 


of the error between us in the joint operation, being ſmall, 
and of no real importance one way or other, with regard to 
the main point in diſcuſſion, ſince it only varies the diſtance 
between Blancnez and Montlambert two or three feet, and 
the longeſt ſides of the triangles, which connect the two 


Coaſts, by eight or nine; it has therefore been judged beſt not 


u. 


to 


Y 
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5 8 7 Spheri- . | "Angles cor- 5 
un o | Names of the | Other cal — rrected for | Diſtances. 
en. 1 ſtations. » b exceſs, | © | calculation. 
— | ER 5 2 ee. 
„Dover Caſtle . „„ FE: 87 30 29.58 
Fairlight Down F 43 19 58.52 = 
— MMontlambert . „ 49 9 31.9 
F . . 
1 . | | Dover Caſtle 0 „„ „ | 108821,07 
3 | | Montlamber: from | Fairtight Down 2 1 
„„ el Fon Down | OTST 3 2 3 5552 8 
CCC EBFͤ i 296-00 | 
| Blancnez . . . F-41401 35m: 
| -#1- £ : © Fairlight "AE „ . 9 
„ 5 Blancnez from 55 Dover Caſtle EE .. 5 5:93 | 
| e þ [Dover Caſtle ©. | 23 ” ©, 25 GE ES 2 27 O. 25 : . 
5 Montlambert EL . _ . 1 36 53 18. 11 A 
. IBlancnez . * J 119 41 41.644 
PE Oo OE 1.84 
| | : 7 Blancnez from Montlambert | 5 222380 : f 
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to make any alteration whatever on account of that difference 
(except as will be mentioned underneath), but to proceed 

with our own ſcale of diſtances for fixing the relative ſituation 

of Dunkirk ; making uſe, nevertheleſs, in the firſt ſeven fol- 
lowing triangles, from the XXXVIth to the XLIIId incluſive, 

of the angles as ultimately ſettled by the late French opera- 
tions, which Comte pk CAssINT has been ſo obliging as to ſup- 
ply us with for that purpoſe. The angles of the XLIIId and 
XLIVth triangles are taken from M. CassInt DE Tnukv's 

Bock (La Meridienne verifiee); and thoſe of the XLVth tri- 
angle reſult from the combined operation. 

In conformity with the exception above alluded to, we have, 
in the XXXVIth triangle, added 3” to our angle obſerved at Do- 
ver between Blancnez and the che of the ſpire of Notre Dame 

at Calais; that is to ſay, inſtead of 12* 46“ 39” it has been made 

129 46' 42”, on a ſuppoſition, that the ſpire may overhang ſo 

much from the perpendicular towards Blancnez: becauſe the 
ſpace between the poſition of the white light on the gallery, | 

and the axis of the ſpire, being carefully meaſured by Dr. 

BLAGDEN, correſponds to an angle of 9“ o whereas the obſer- | 


YO gave only a difference of 6”, s 


” Ne of * | | 1 5 | PE Angles cor- 
rol f Be Names of the ſtations, _ _ rected for | Diſtances, 
triangles, | = | | calculation, | | 
| J. D. — ͤ ͤ a 7 CC» + 
5 = fignal TR 0 | 3 119 40 12 
| Dover Caſtle ; 5 46 30 142 46 42 150 | 
**. N. D. at Calais from { eee ay _ 11374499 | 
| | | | Blancnez ſignal + £36023-3-7: 
| [ | 3 | Exceſs above 180? =0' 04. = | = : . ES. 


L—— * 


Ne 
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DE Re Wt Np nr Oper es 1 og _— Angles cor- 
| . Names of the ſtations. rected for | Diſtances, 
triangles. calculation. 
885 VVßů/ e Feet. 
Fiennes ſignal. . . . 94 26 27. 5 
. | }Blancnez ſignal . 8 1 $1 18 27.3 
XXXVII. 5 Montlambert ſignal 5 34 IS 52 | 
2 _ Fiennes ignal Le ſignal es 6464.4 
P 5 * Ty 21 "43-1 

BO Fiennes . . | 49 24 252 | 
XXA VI. br EL 7 p09 13 $17 | . + 
N. D. at Calais frora Fiennes... I 45219.6 

Watten * e 
a ö | N. D. at Calais - . 66 30 36.2 

| XXXIX. CWANnes. : 4 5: = . 85 52 N 1 3 
| | lennes. Re” | SY | 94 3.5 ; 

g ä Watten from { es at Calais = : 2 9728 3.0 
N T [Dunkirk F „ 7 30 12 | 5 
1 | [Watten ; . 85 57 46.5 
. [N. D. at Calais . 4 $5 43- Þ 8 
5 N. D. at Calais . [1237 42 
} PS! | Dunkirk from Lage. 1 TE 225 2 

5 None Calle WED e SG 0400-3 

| [Dunkirk . „ . 

XLII. 4 [Watten .. ; . = 1174 27 8&8 | 7 
B | Watt. | + + 4 4 Gap 
13 Mont- Caſſel from m 1D Wirk 11120350000 

 f {Hondicdte | "03 31 367 4 --- 
5 Dunkirk | . . s „ FF ot 4 
XLII. 1 Mont-Caſſel TY . 2 : 35 21 21.4 
of | LE 3. 4 W A CE 70260. 
> Hondiſcote from { Punkul - 5 | — 5 
Dunes, Tad at the caſt end of the bale” 1-81-57 $0 |: 
1 [Dunkirk = 8 5 43 23 . 1 
 XLUL. q Hondſcote . ; TH 7 ¾ ᷣ 
= Signal on the Dunes from 1 3 39041.0 
+0 „ 5:4 20000, 
Dunes ſignal a | C 
Fort Revers, weſt end of the baſs. - 90 17 29 
. E Dunkirk - --- 7.0. or os oY 

5 . 3 Signal „% |: ,-:» .». 4 40000. 5 

XLIV. 9 Hundi from (Sin Revers „ 371 
| Fort Revers from the Dunes, the meaſured baſe . 3 7 
But this baſe hy meaſurement was . 5 3980 1.7 | 
: eee eee 
— S The diſſerenee 18 — «=D. 
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5 order to complete the triangular connection between 
Greenwich and Paris, there remains yet one triangle more (the 
XLVth) to be given, whereby we ſhall be enabled to connect 


the point M near Dunkirk with Dover. For this purpoſe it is. 


neceflary to make ſome remarks on the Dunkirk baſe; and 
alſo to ſhew, from the French operations, how the point M is 
ſituated with reſpect to Paris, Dunkirk, and Calais. 
M. CassrN1 DE THURY, in his book already quoted (p. 23. and 
54.) has informed us of the manner in which this baſe on the 


Strand near Dunkirk was meaſured ; and that its mean length 


amounted to 622 4.36 toiſes, which are equal to 3980 1.7 Eng- 


liſh feet. Thus it appears, that there is a difference as above 


ſtated of ſeven feet in defect, between the meaſured and com- 


puted length of the laſt ſide of a combined ſeries of 44 Britiſh. 
and French triangles, depending on a vaſe meaſured on Houn- 


flow Heath, and verified by another meaſured in Romney 
Marſh. But a ſeries of 24 French triangles, founded on a 

baſe meaſured near Paris, and corrected by another executed 
near Amiens, gives for the length of the ſame baſe near Dun— 
kirk 39809.94 Engliſh feet, and conſequently only an exceſs of 


15 inches with regard to our reſult. This very near agree- 


ment in the determination of the ſame length by two different 
ſerieſes of triangles, whoſe extremities are ſituated at ſo great a 


diſtance from each other, ſufficiently proves the excellency of 
trigonometrical meaſurement, and ſhews to what a wonderful 


degree of accuracy operations of this ſort may be brought 


when fine inſtruments are made uſe of, and great care beſtowed 
in the application of them. Doubtleſs ſmall errors may have 
ariſen in the progreſs of the work, unſeen on both ſides ; but 
| theſe falling ſometimes one way and ſometimes the other, they 


ſeem ſo far to have compenſated for, or deſtroyed each other, 
| that 
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that their effects have almoſt wholly diſappeared. With regard 
to the deficiency of ſeven feet found between the actual mea- 
ſurement with the deal rods, on the Strand near Dunkirk, and 
the trigonometrical reſult, it is neceſſary to call to remem- 
brance what would have happened, if the baſe on Hounſlow 
Heath had been meaſured with our deal rods, when in their 
greateſt ſtate of expanſion from the moiſture they had imbibed. 
In the volume of Philoſophical Tranſactions for 1785, p. 
438. it has been ſhewn, that our baſe would thereby have been 
rendered more than ſeven feet and a half too ſhort. Now, 
although the F rench rods were covered with ſeveral coats of 
oil-paint to prevent their imbibing the ſalt water, which we 
are told reſted on the Strand at particular places ſix inches 
deep; yet it is preſumable, that it would be impoſſible to pre- 
vent it from entering by the extremities at the junction of the 
ferrules, and extending along the fibres, underneath the paint. 

Hence, in all likelihood, the intended remedy would prove 
Worſe than the diſeaſe; for the paint might prevent the rods 
from drying ſo ſoon as they otherwiſe would have done, and 


thereby the meaſurement would be given ſtill ſhorter than if 


no paint had been applied. Whether this ſuppoſition may be 
thought to be well founded or not, is left to the determination 


. of thoſe who are converſant in matters of this ſort. But the cu- 


rious fact, one way or other, might be aſcertained by means of 
ſuch a ſteel chain as ours, in the ſpace of one or two days 
at moſt. For, ſuppoſing the extremities of the baſe between 


Fort Revers and the Dunes to be accurately known, and the 


allignement traced out on the Strand only with camp colours, 
placed at reaſonable diſtances from each other, and a moveable 
cord, by the fimple application of the chain on the common 
Aurface, without any extraordinary apparatus whatever, for- 
wards 
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wards and again backwards, the diſtance might certainly be 


determined within a foot of the truth. And hence the 1 impor- 


tance is obvious of having at all times ſo accurate and eaſy a 
mode of meaſurement. 


On due conſideration of all theſs circumſtances, it will not 
be thought ſurpriſing, that in fixing the ſituation of Dunkirk 


and the point M near it, where the meridian of the Royal 


Obſervatory at Paris interſects a line drawn from thence to 
N. D. at Calais, the Dunkirk baſe, with the corrections de- 
pending upon it, are here rejected; and that the ſcale of diſ- 


tances furniſhed by the Britiſh triangles is adhered to, as not 


diftering ſenſibly from the mean reſult given by the other two 
French meaſurements. 


From M. DE Cassin1's Book, La Meridienne 22 P. 51. 


53 and 56. it appears, that Dunkirk (rejecting the corrections 


formerly alluded to) is north from the Royal Obſervatory at 


Paris 125522. 2 toiſes, which are equal to 1337753 fathoms. 


And from p. 51. and 57. it further : appears that, by the mean 
of two ſuites of triangles, Dunkirk is eaſt from the meridian 


of Paris 1420.41 toiſes, which are equal to 1513.8 fathoms, 


Again, at p 276. of the ſame Book, Dunkirk is ſaid to be north 
125517 toiſes, and eaſt 1430 toiſes, which are reſpectively 
| equal to 133769 7 and 1524.2 fathoms. And, laſtly, at p. 


36, of the Deſer iption Geometrique de la France, of the ſame 


Author, publiſhed 1 in 1783, and which being the lateſt ſhould 
of courſe be the moſt correct work, Dunkirk is made north 
from the Royal Obſervatory 125495 toiſes, and calt from its 


meridian only 1416 toiſes, which are reſpectively equal to 
133746.3 and 1509.1 fathoms. Now, without pretending 


here to enter into the inveſtigation of the various corrections 


+ and — which have been applied to the angles of the tri» | 
. angles, 


— — — — 
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angles, to bring out theſe different reſults, we (hall abide by o 
the firſt, that being immediately produced by the mean of the 
_ obſervations without any arbitrary correction whatever; and 


being, with regard to eating, nearly a mean between the two 


extremes; and ſince we BR it in our power to ſettle with 
great preciſion the longitude of Dunkirk, and likewiſe the 
point M, with regard to Greenwich, we ſhall then be enabled 
to determine the difference of longitude between the two Royal | 
Obſervatories within a mere trifle of the truth. 

By Comte DE CAssINI's triangles, executed in the autumn of 
1 787, and communicated in January 1789, it appears, that 


Hondſcôte is ſouth- eaſtward from the meridian of Dunkirk 


67 53 20%; which angle being ſubtracted from the total 
angle between Hondſcote and Calais 144 53' 28”,5, being 


the ſum of the three angles at Dunkirk in the XLth, XLIRt, 5 


and XLIId triangles, there remains 77 8”.5 for the angle 
that Calais is ſouth-weſtward from the meridian of Dunkirk, 
And this jan angle being again ſubtracted from 1 807%, we have 
102 59/ 51%. 5 for the angle between the ſame e pro- 
duced northward, and a line drawn from Dunkirk ee M 
to Calais. | 
Now the two Kſtinies 133775-3 and 1513. 8 fathoms being 
| ſeverally reduced in the proportion of 39809.94 to 3980$.7_ 
the two lengths aſſignable to the baſe on the Strand near Dun- 
kirk, as formerly eſtabliſhed, we have 133771.1 fathoms for 
the diſtance in Britiſh meaſures of the parallel of Dunkirk 
from that of the Royal Obſervatory at Paris; and 151 3:75 
fathoms for the diſtance of Dunkirk eaſtward from its meri- 
dian. Again, making uſe of ho angle 77% of 8“. 5, and its 
complement to go 12 59" 51.5, we have 1553.56 fathoms 
for the direct diſtance eters. Dunkirk and the point M; 


3- 5 alſo 
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alfo 3 378 6 fathoms for the ſpace that M 1s ſouthward from 
' Dunkirk. But the diſtance of Dunkirk from the Royal Ob- 
ſervatory at Paris, given in the 276th page of M. Cass1wr DE 
Trvry's Book, when reduced in the proportion of the two 
baſes becomes 133765.7 fathoms, and taking a mean between 
this number and that formerly found 1 33771. 1 fathoms, we 
have for the mean diſtance of Dunkirk from the Obſervatory 
133768.4 fathoms, from which ſubtracting 358.6 fathoms, 
the mean ſouthing of M from Dunkirk, there will ultimately 
remain 133409. 8 fathoms for the diſtance between M and the 
Royal Obſervatory at Paris, meaſured on the meridia n.. 
Now, ſince in the XLth triangle we have the diſtance of 
N. D. at Calais from Dunkirk 12 3734.8 feet, if from this num- 
ber we ſubtract 1553.56 fathoms 2 9321.36 feet, there will 
remain 114413. 4 for the diſtance of the point M from Calais. 
Thus, with _— ſupplemental angle to 360? at Calais, Viz, 
' 139* 17“ 337.2, contained within its now known ſides, 
we are finally enabled to complete the XLVth triangle, and 
thereby to determine the ſituation of M with regard to Dover. 


CN D. at Calais . 1 „ 33.2 The ſpherical ex- 

Dover Caſtle )) 37-3 above 180*= - 
| 05 near Dunkirk . 22 17 49.5242. 
V „ „%% 5 Fleet. 
1 deer Cattle : 85 13744 

Nene Tom To near Dunkirk 93 a | 1 | 

Dover Caſtle from M . 5 236273.7 

. Dover! is from Dunkirk . . 243291: 3 


Axr. III. Refiult of the jrigonometrical operation, in as far as relates 
to the gecdelical ſituation of the different lations, With ane 
tothe Royal Obſervatory at Greenwich. 


Having, by the preceding calculations of the lengths of 
the ſides and meaſures of the angles of a continued ſeries of 


SES forty- 
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forty-five triangles, determined the relative ſituation of every 
ſtation with regard to thoſe neareſt adjacent to it, we are next 
to ſhew, from theſe data, and the angles which Norwood and 
4 Severndroog Caſtle make with the meridian of Greenwich 
Obſervatory, the ſituation of each ſtation with reſpe& to that 
meridian, to its perpendicular, and alſo the direct or diagonal 
diſtance with the bearing from the Obſervatory itſelf. Theſe 
various determinations are contained in the fix firſt columns 
towards the left hand of the annexed table of reſults, wherein 
the ſtations are likewiſe diſtinguiſhed into two ſets, as ſituated 

to the weſtward or eaſtward of Greenwich. 
By means of a ſcaffold, perfectly ſimilar | in principle to that 
formerly deſcribed, but more flight as being made for the tem- 
porary purpoſe only, the ſtand of the inſtrument was raiſed to 
the height of thirty-eight feet above the floor of the tranſit- 
room of the Obſervatory. At this elevation all the ſurround- 
ing objects which we wiſhed to obſerve (St. Paul's excepted, 
which 1s hidden by the camera-turret of the great room) could 
be diſtinctly ſeen, and the angles between them and the ſouth 
meridian mark accurately meaſured. As that mark is but at a 
ſhort diſtance, namely, about 1 500 feet from the tranſit, and 
conſequently th of an inch correſponding to about a ſecond 
of an angle on the mark, it was therefore very neceflary that 
the center of the inſtrument ſhould be brought with great pre- 
ciſion over the center of the axis of the tranfit-teleſcope un- 
derneath. In this operation, and indeed! in every other while 
at Greenwich, the Aſtronomer Royal gave us his beſt afliſtance. 
In the firſt place, the central point of the axis was determined 
buy the interſection of diagonal lines drawn acroſs the ſquare 
part in the middle. On this ſquare part, when the teleſcope 
was in its horizontal poſition, a baſon of quickſilver was 
placed, 
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placed, having a ſmall croſs made of two thin bits of wood 


fitted to the inſide of the baſon, and lying very near the fur— 
face of the quickſilver, in ſuch a manner as to make the center 
of the croſs co-incide with the interſection on the brats under- 
neath. A ſmall perſpeCtive glaſs being then fixed in a move— 


able board under the center of the et, this was made 
to ſlide at right angles to itſelf in the direction of the meridian 


and that of the axis of the tranſit, until the center of the croſs co- 


incided with the axis of viſion in looking downwards. The 
board being there faſtened, and the perſpective removed, the in- 
terſection of ſilł threads ſtretched acroſs the board, marked very 


accurately the point correſponding with the center of the tran- 


fit, over which the center of our inſtrument was brought by 
the help of the plummet. The ſecond method was ſtill more 
direct. Dr. MASKELYNE had an object glaſs prepared for his 
tranſit teleſcope of a focus ſuited to the vertical height of the 


ſtand of our inſtrument above it. This glaſs being applied to 
the tranſit, and the aperture contracted by a piece of paſte- 


board with a circular hole in the middle, a very ſmall pin- hole 4 


being likewiſe made in the board at top, the ſame was gra- 


dually moved by directions from the obſerver below, looking 


through the teleſcope in its vertical poſition, until the pin-hole 


nicely co-incided with the axis of viſion. The inſtrument 


was then brought as before, by the help of the plummet, 


exactly over the pin-hole. In this manner, which was that 
adhered to, no doubt remained of more than about in part 


of an inch, with reſpect to the center of the inſtrument being 
in the interſection of two vertical planes paſſing through the 
axis of viſion and that of motion of the tranſit underneath. 
After having remained a week, the co- incidence of the pin- 


hole ds 


Þ 
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hole with the axis of viſion of the teleſcope was tried, and 


found to have ſuffered no alteration. 


In the VIIIth triangle, the angle at S between 


Severndroog Caſtle on Shooter's Hill and the pI on Norwood 
heights, hath been ſhewn to be 111 56' 50”, By ſeveral obſer- 
vations on different parts of the circle, Norwood ſtation was 
found to be weſtward from the meridian 38? 7” 16”, which of 

_ courſe leaves for the ou that Severndroog Caſtle is eaſtward 


from it 73 49 34”; and either of theſe two angles is ſup- 
poſed to be within a very ſmall fraction of a ſecond of the 


truth. 


Now, with the ſides and male of the landes of triangles | 

- alrcady known, and the angle 38* / 16” now given, which 
Norwood makes with the meridian of Greenwich towards the 
weſt, it will be ſufficiently obvious to thoſe who are in the leaſt 


_ acquainted with plane trigonometry, that the diſtances of that or 
of any other ſtation of the ſeries, from the meridian of Green- 


wich and from its perpendicular, are eaſily obtained. Never- 
theleſs, that thoſe who are but little converſant with matters 


of this ſort may themſelves be able to examine the computa- 


tions whereby the columns towards the left- hand of the an- 


nexed table have been ſupplied, we ſhall give one example, 
which will ſerve for the whole. 


Suppoſe (Plate X. fig. 1.) GM to repreſent the . of the 
tranſit-room at Greenwich; GW the perpendicular to that 


meridian produced indefinitely towards the weſt ; N the ſtation 
at Norwood, and H that at Hundred Acres, whoſe diſtances 


are required, that is to ſay, weſtward from the meridian, and 


_ ſouthward from the perpendicular: then through the ſtations 
N and H, Jet dotted lines be drawn parallel to the meridian 


and perpendicular eie n whereby four parallelograms 


will 
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will be formed, In the firſt, or that which is neareſt to Green- 
wich, having GN in the VIIIth triangle given = 31274.48 
feet, and the angle NGm=38* 5” 16”, with its complement 
NGG = 51* 52“ 44”, it follows, that Nn repreſenting the dif- 
tance of Norwood weſtward from the meridian 15=19300.54 


feet; and Np repreſenting its diſtance ſouthward from the per- 


pendicular is = 24603.86 feet. Again, by attending to, and ſum- 
ming up the angles round the point N, we ſhall find the angle 
_ GNH=175* 44 367.82,which wanting 4* 15” 237.18 of 180, 
1ſhews that the direction of the fide NH inclines ſo much more 


to the weſtward ard the angie NG. ö Wherefore NGm=38* 
= 16” + 4 15” 237.18 = 42* 22/ 39% 18 = HNs, is the angle 
which the line NH makes with Ns, a parallel to the meridian of 
Greenwich drawn through the point N. Now, in the ſupple- 
mental parallelogram, having the diagonal NH = 3 5648. 21 
given in the VIIth triangle, and the angle HNs = 42* 22/ 39/18, 
_ alſo its complement = 47” 37 20”.82, making uſe of NH as 


radius, and theſe two laſt angles reſpectively, we have H 


24027. 36 feet for the ſpace that H is more weſtward than N; 
and wH= 263 34-04 feet, that H is more ſouthward than N. 
Hence N ＋ H 43333 3-9 feet is the ſpace that H is to the 


weſtward of Greenwich ; and AN + wH = = 509 37.9 feet is the 


| ſpace that H is ſouthward from the perpendicular to the meri- 


diian of Greenwich. Laſtly, with theſe two given ſides, and the 


contained angle go", we find the angle MGH=—40* 27 18”. 56 


that Hundred Acres is ſouth-weſtward from the meridian of 
Greenwich; whence the direct or diagonal diſtance GH = 


66876.73 feet. Now, by referring to the table of reſults, for 


the two firſt ſtations weſtward from Greenwich, the numbers 


brought out in this example will be found in the left-hand co- 


lumns under their reſpective heads, and ſo it would be with 


the 
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the reſt. In another place we ſhall have occaſion to point out, 


| how the columns towards the right-hand of the laid table have 
5 been — up. 


e ON FIFTH. 


On the di ference between Jorimontal ang on a 4 and 


e Plate . 


IN the Paper of 1587, various computations were given 
concerning the figure and dimenſions of the earth, founded 
chiefly on the actual meaſurement of different arcs of the 
meridian in different latitudes, ſome of them very remote from 


each other. From the alternate compariſon of theſe reſults it 


appeared, that the figure aſſigned to the earth by M. BouduER 
in his ſecond ſpheroid agreed better with theſe meaſured por- 


tions of the curve, as ſo many data, than any of the other 
bypotheſes. Hence it naturally occutred, that the trigonome- 
trical operation which we were then about to commence 


| might probably throw ſome further light on this intricate ſub- 


ject, which, for a great length of time, has engaged a conſi- 
dierable ſhare of the attention of the ſcientific world. In the 

_ conſideration of this matter, a new and curious point, not for- 
ED merly attended to, and immediately connected with our ope- 
ration, preſented itſelf for inveſtigation, viz. ſuppoſing the earth 

To be a ſpberoid, ſuch as M. BougGues's, confiderably flattened at 
the poles, what might be the difference between horizontal angles 
ohe ved With a fine igſirument on that ſpheroid, and on a ſphere ? 


The 
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The following ſolution * of that important problem, being the 


only unexceptionable one that I have received, is here given in 


the author's (Mr. DALRV's) own words. 


Let CE and CP (Plate X. fig. 2.) repreſent he equatorial 
and polar ſemi-diameters of the earth, conſidered as a ſpheroid 
flattened at the poles; PE and PN two meridians; pe and pn | 
two correſponding ones (that is, in the ſame planes) on a 
ſphere, having the ſame center C. Let the points a, b, A, B, 


on the ſphere and ſpheroid have the ſame latitudes reſpectively. 
Draw the radii C, C, and the verticals AG, BW. 


Then, becauſe the angles AON, BDE, in the ſpheroid, are 
always equal to the latitudes of the points A, B, theſe angles 
are therefore reſpectively equal to the angles Cn, H Ce, in tlie 
ſphere, and conſequently the verticals AG, BW, are parallel t to 


the radii C, 5. 


Let the latitude of B or 5 be greater than that of A or a; 
and let it be required to make the horizontal angle PAr on the 
ſpheroid equal to the angle bab, or what the horizontal angle 


would be on the ſphere. 


| Becauſe the angle pab is meaſured by the inclination of the 
planes, Cb, aCp, and AG is the common interſection of all 
the planes of the vertical circles at A, and is parallel to C, 
and in the ſame plane; therefore, when the horizontal angle 


Par is equal to the angle pab, the planes GAr, CAb, muſt be 
parallel to each other; and conſequently Gr, the line where 


the plane GAr interſects the plane of the meridian EP, is pa- 


* From my correſpondence by letter, and otherwiſe, with Dr. Mas&Kri.yNE, I 
had reaſon to hope, that he would have favoured me with ſome communication 
on this ſubject. No doubt, he has been prevented by other buſineſs ; but he will 


probably give his method of ſolving een triangles to the os! ay . 


ſome future occaſion, 


M Ys rallel 
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rallel to Ch in the ſphere, or WB in the ſpheroid. Hence, if 
from G, the point where the vertical AG meets the axis, we 
draw Gr parallel to the vertical BW, it will give the point rin 
the meridian EP, making the horizontal angle PAr equal to 
the angle pab, or what the horizontal angle would be on the 
ſphere. 
In like manner, if the angle PB» | is to be made equal to the 
angle pba, Wo muſt be drawn parallel to GA, and the plane 
WB will be parallel to the plane AGr ; and therefore the 
angles of the ſpheroidical triangles PAr, PvB, as meaſured by 
the inclination of the planes, are equal to each other reſpec- 
- tively, and equal to the ſpherical angles of the triangle pad. 
From hence i it follows, that if A be the place of an inſtru- 
ment which meaſures horizontal angles in the meridian NP on 


a ſpheroid, and BT a flag- -ſtaff ſet perpendicular to the ſurface 


of the earth on another meridian EP, the obſerved horizontal 
angle PAB, between the meridian PA and the flag-ſtaff BT, 
will be greater than it would be on a ſphere (the latitudes and 


longitudes being the ſame in both) as long as the latitude IE. 


the flag-ſtaff 1s greater than that of the inſtrument, the exceſs 
being the angle BAr ; but if the latitude of the inſtrument is 


- the greateſt, as ſuppoſe it was at B, and the flag-ſtaff at A, 


then the obſerved angle PBA will be leſs than it would be on 
the ſphere, the defect being the angle ABv, which, becauſe | 
the planes WoB, GAr, are parallel, will be the fame : as the 
' exceſs on the other ſide. 
If the latitudes of the points A and B are the ſame, the 
planes Wo»B, GAr, will co-incide, or the verticals will meet in 
the ſame point in the axis, and therefore the obſerved angles 
will be equal to each other, and the lame as they would be if 
_ obſerved on a ſphere. 


| Becauſe 
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Becauſe AG, vW, BW, -G, are parallel to aC, 50, the 
angles vWB, AGr, will be equal to the angle aC5, or arc ab, 
therefore the arcs vB, Ar, will each be equal to the arc ab; 
that is, they are arcs of great circles of the ſame value, in- 
tercepted between the meridians PN, PE, at B and A. 
Draw GR perpendicular to the vertical BW ; then, becauſe 
BW and 7G are parallel, it will alſo be perpendicular to 7G; | 
and becauſe the axis PW is the common interſection of the 
planes of all the meridians, and BW, rW, are in the plane 
of the meridian PB, therefore GR is in that plane; and be- 
cauſe the angle WBr, made by the vertical and meridian, and 
the angle GRB, are right ones, therefore GR is equal to the 
are Br neatly, and conſequently is nearly equal to what ſub- 
tends the difference of the horizontal 8 Oli the WAGs 38 and 
 ſpheroid. 
Aud if Gs be pe c to che vertical GA, it will be 
3 to the arc Av nearly, and therefore GR, GS, or the arcs 
Br, Av, will be as the colines of the latitudes of B and A. 
Draw AK the tangent to the meridian at A, to meet thes axis 
CP produced; alſo draw AH perpendicular to the vertical A8, 
to meet Gy produced; through H draw KHT, and join AT. 
Then, becauſe the points K, H, are in the plane of the hori- 
zon of A, the line KHT will be in that plane; and becauſe 
7H and BT are in the plane of the meridian BP, therefore HT 
is alſo in the fame plane, and is what ſubtends the angle TAH, 
the true difference of the horizontal angles, which, when the 
{pheroid 1 is given, may be determined as follows. 
From the nature of the ſpheroid, find the length of the ver- 
tical AG; alſo the points G and W, where the verticals mect 
the axis: then, becauſe the angle AKG is equal to the latitude 
of A, 90 AGH is its complement, GK and AK will be giwen. 
M 2 Leet 
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Let à and b on the ſphere have the ſame latitudes and difference 
of longitude as A and B on the ſpheroid, and find the angles 
þab, pba, and the arc ab, or angle CG; then becauſe AG is 
given, and the angle AGH equal to the angle aCb, AH will 
be given; with AH and AK, and the included angle HAK 
(equal to the ſpherical angle bap) find the angle AHK, and 
alſo KH; then, becauſe the triangles KHG, KTW, are in the 
ſame plane (that of the meridian BP) and GH is parallel to 


| £ WIT, theſe triangles will be ſimilar. Hence GK : HK :: 


WG: TH; now HA, HT, and the included angle AHT (the 


complement of AHK) being given, the angle” TAH, the differ- 


ence of the horizontal angles, will be given. 
Example. Let the n be that of M. Bovourn; and let 
the latitude of A be 49* 40% of 3 505, , and their difference of - 
longitude 07-40"; ms 
From the nature of the (heroid, the radii of curvature of 
i the meridian at the equator and the pole, will be 3465507 and 
3524069 fathoms nearly ; their difference is 58562 fathoms, 
the length of the evolute of the meridian; and the vertical = 


„ x ſine 49 400 + 


x 58562 x tine 49 40 = 3599769. 5 fathoms; alſo OG 


x 58562 + 2 X 58562 x tine 49 40 = 49307. 66 fathoms ; 
and DW = .*. x 58562 +/+, x 58562 X line 50 = 40397.23 
fathoms. Now, the Rh: GOC, WDC, being = the lati- 
| tudes of A and B, we get CG= 30726.16, and CW = 39946.08 
fathoms, their difference being 219.92 fathoms = GW, 4p 
Ih)he ſides pa, pb, being equal to 40 20” and 40 reſpectively, 
and the included angle 30“, will Br the angle pab=43* 
51.48”.2, the angie pba=135? 45“ 16%.2, and ab, or the 
* aCb, = 27 49” * 255 1 
Now, 


| Now, by proceeding as directed above, we get GK — 


5 between the horizontal angles on the ſphere and ſpheroid. 
Hence the obſerved angles at A and B would be 43* 51' 48”.2 


: +11 cds 445 47 "et, and 135 45 ; 16" 2—11 58.9 


199" 39 %. 


If the figure is an ellipſoid havi ing the ſame axes, the angle 


| 'TAH will be found = 8“ 4.4. 


It may be remarked, that the angle TAH, or the horizons 
tal angle TAK, diminiſhes or augments as the point obſerved 
in TB is elevated or deprefled ; ; this variation 1s however too 
ſmall to be worth attending to in Practice, as may be ſhewn in 


the following manner. 
Let the ſpheroid be M. Bouc un 8 | (becauſe the A0 


will be greater than on an ellipſoid); and let the points A, B, 
fig. 3. have the ſame latitudes and difference of longitude as 


above; alſo, let BT be the flag-ſtaff, and through B draw 
GB. | 

Now: if we fares B to be in the horizontal line — 
the horizontal angle at A, taken between the north part of the 


meridian AP and the flag- -ſtaff at B, will be the angle BAP, 


the teleſcope in this caſe being pointed to B, and the vertical 
plane which it would then move in is the plane BGA; but if 
the teleſcope is directed to ſome point T in the flag ſtaff above B, 
the angle TAP in this caſe will evidently be lets than it was 
in the former by the angle AT nearly; and conſequently it 


diminiſhes as the obſerved point T is elevated; and it is alſo | 
$5 evident, 
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4604232.9,AK = 2980006, 3 4H 2841 2.2tathoms. Hence 
the angle AHK = 135 45” 207.08, and KH = 2979745 4 
fathoms ; whence HT = 141.37 fathoms. T9; with AH, 
and the included angle AHT = 44” 140 39 7.92 (the comple- 
ment of AHK) give the angle TAH = 11” 58”.9, the difference 
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evident, that it will be ON as the point obſerved i 13 


below B. 
The latitudes of A 20 B ving 49 40/ and 50, and their 


difference of longitude 307, BG will be nearly equal to AG, * 


3509769 fathoms, and GR being equal to 141.36 fathoms, 
and the angle GRB a right one, we have BG (3509769) : rad. 
: GR (141.36) : fin. 8“, the angle GBW, or TBA. Now, 
ſuppoſing the point T to be a mile above the ſurface, this with 
the angle BT = 8”, will give Tu equal to about three inches; 


but Tu is in the plane of the meridian PBE, and conſequently 


would be ſeen obliquely, if viewed from A, becauſe the angle 
ABT is about 135, and therefore Tn muſt ſubtend a very 
ſmall angle at the diſtance of 334 miles, which 1 is nearly the 
diſtance between A and B. 
From the determination of the VERDE: angles that would 
be obſerved at A and B (fig. 2.) on the ſpheroid, if AP, BP, 
the co-latitudes of A and B are known, and the angles ABP, 


BAP, are given by obſervation, it follows, that the greater of 


theſe obſerved angles muſt be augmented, and the lefler dimi- 
niſhed, by the ſame quantity of a degree, till the ſum and dif- 


ference give the oppoſite ſides AP, BP, accurately by ſpherical _ 
computation, and then the third angle, or difference of longi- : 


tude, will be green: for _ obſerved ng at B and A being 
reſpectively 135 33“ 17 7.3 and 44 3 477.1, we have fine 
135 33“ 17.“ 31117 587.9 : fine AP :: fine 44 3 459% 1 
11“ 587.9 : fine BP accurately; but taking the angles that 
would be obſerved, ſine 135 330 17.3 : fine AP :: fine 44 3“ 
47.1; ſine of an arc greater than BP; and fine 44 3047. 1 
: fine BP :: fine 135 33' 177.3 : ſine of an arc leſs than AP; and 
this will ſhew if the obſerved angles are conſiſtent, as angles that 

ought 
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| ought to be found by obſervation on a es flattened at 


the poles. 
Becauſe the ſum of the obſerved angles at A and B on the 


ſpheroid are equal to the ſum that would be obſerved on a 
ſphere, the latitudes and difference of longitude being the ſame 


on both, and the differences equal, therefore the ſum for com- 


putation is the ſame for both, and the quantity of each for 
computation on the ſpheroid may be found from the following 


Theor em. 5 
In any ſoherical triangle BPA (fg. 4.) if two of the ſides 


PB, PA, and the ſum of the r angles, PBA +PAB, 


are given, it will be, 
As the tangent of half the 1 of the „. des, 
Is to the tangent of half their difference; 
So is the tangent f half the ſum of the angles, 
Jo the tangent of half their difference. © 
In the ſpherical triangle 46) (fig. 2.), as fine bap : ſine bs 2 
ſine 2 fine ap; that is, on the ſpheroid, fine BVP: fine 


BP :: fine vBP : fine AP. Now, the arc Bv being = the arc 
| ba, conſidered as an arc of a great circle, it follows, that in 
the ſpheroidical triangle vBP, if vB, BP, and the included 


angle vPB are given, the other angles at P and v may be found 
by ſpherical computation, but not the third fide vP. Suppoſe 


Bp, Bo, are given, and the included angle vBP a right one; 


then rad. : fine BP :: cotang. By : cotang. angle BPD; there- 


fore, if the latitude of the point B, and the angle BWv, or 


the quantity of the arc Bv, as an arc of a great circle perpen- 

dicular to the meridian at that point, are given on a ſpheroid, 

the difference ot longitude may be found by ſpherical compu- 

tation, but not the latitude of the point v. 
2 


But 
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But if the ſpheroid is known, the latitude of a given point 
(v) in a great circle perpendicular to the meridian, may be 
found nearly from what has been delivered above. Thus, as 
rad, : cofine BP :: coſine By : coſine of an arc (PA) leſs than 
Pu, the co-latitude of v. Now, with the latitude (ſuppoſe of 


the point A) thus found, and the given latitude of B, find GS 


(fig. 2.) which will be very nearly equal to the arc Av, and 
the value of this, as an arc of the meridian, being added to 
PA, will give Pv, the co-latitude of v. 


; Manner of 3 the latitudes 7 the has. . 
of the pole-flar obſervations to computations on different ſpheres, 
and alſo on M. Bovcver's ſpheroid, for the determination of 
the differences of longitude. Ultimate reſult of the trigonome- 

trical operation, whereby the d; Ference of the meridians of the 


| Royal Obſervatories of Greenwich and Paris IS determined. 
Plate X. 


ar ICLE 1. Preamble, Seti the general principles adopted 
EP, for fertling the latitudes of the Rations, | 


In the Paper of 1787 7, ſo often quoted, ey which was in- 
tended only as a ſketch of the mode then propoſed to be fol- 
lowed in conducting the recent trigonometrical operation, we 
had occaſion to ſhew, that the meaſured arc of the meridian 
between the point M near Dunkirk, and Perpignan ſituated at 


the 
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the bottom of the Pyrenean mountains, correſponding to an 
arc in the heavens of nearly 8 3 of latitude, differed but little 
from what ſhould be its true length, ſuppoling the earth to 


have the figure and dimenſions aſligned to it by M. BouGguER 


in his ſecond ſpheroid. Here, eee it is become neceſſary 
to take notice of ſome miſtakes * that, through inadvertency, 
were fallen into in the computed lengths of the arcs, which, 
although they affe& in a certain degree the accuracy of the 
numbers brought into compariſon, do not invalidate the general 
reaſoning there advanced, and the only thing meant to be eſta- 
bliſhed, namely, that M. Bovever's hypotheſis agreed better 


with actual meaſurement on different parts of the ſurface of 


** The miſtakes adverted to in the text were of three kinds. Firſt, an erro- 
neous mode of ſumming up the lengths of the arcs from the lengths of the 


degrees, although theſe taken ſeparately were very accurately computed : for 


inſtance, the 43d was taken as that extending from 42 to 43, whereas it ſhould 

have been taken for the middle point, that is, from 424 to 433, and ſo on in 
regard co others. Hence the ares are all made ſomewhat too long. The ſecoi nd. 
was the omiſſion of the value of 933 toiſes in eſtimating the length of the 


celeſtial arc between Greenwich and Perpignan, the ſector with which the ſtars 


were obſerved having ſtood ſo much to the northward of the church of St. Jaumes, 


the point to which the triangular meaſurement correſponded. The third was 
fallen into from not knowing that the French obſervations of the ſtars had 
been corrected for the nutation of the earth's axis, in a Paper of M. pz LA 
CailLg's, inſerted in the Memoirs of the Academy of Sciences for the year 
1758, whereby all the lengths of the celeſtial ares were thereby in ſome degree 
changed from what had been aſſigned to them reſpectively in the Book, La 


Meridienne verifie, publiſhed in 1 744. From the ſame Paper it further appears, 
that they rejected altogether their obſervations at Perpignan, as being probably _ 


affected by the attraction of the Pyrenècs. With regard to that part of the Table of 


Compariſon in the Paper of 1787, which is affected by theſe errors, the only 
thing that now can be done is to annex to this paper a corrected flip, which may 


be referred to occaſionally, or cut off and paſted over the former, 
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the earth, than any of the others with which it was com- 
pared. 

In proof of this, we need only for the preſent remark, 
what will be made fully to appear hereafter, that the diſtance 
between the parallels of Greenwich and Dunkirk, or Green- 
wich and M, being now added (by our trigonometrical opera- 
tion) to the meaſured length of the meridian of France, the 
| meaſured and computed ſections of the united meridian will be 
found to agree almoſt exactly at Paris; that the exceſs of the 
meaſurement is but of the value of 3” or 4” at Bourges; only 
of 6“ at Rodes; aud even as low down as Perpignan, com- 
prehending in the whole an arc of the heavens of more than 
geg, the excels is 879 greater than what would anſwer to be- 
tween 16” and 17”, the chief part of which is probably o- ¾. 


ing to the attraction of the plummet of the ſector by the Py- 5 


| renees. In the Paper of 1787, the effect had been aſſumed t 
a quantity equal to about 10”. But every thing on this head 
muſt be conſidered as merely matter of ſuppoſition, Which 
cannot be determined one way or other until triangular mea- 
ſurements ſhall have been extended beyond the Pyrenean moun- 
tains into Spain, and correſponding obſervations of the ſtars 

made on both ſides with the ſame inſtrument, which ſhould be 
one of the beſt that could poſſibly be invented for the purpoſe. 
ln the mean time, ſince the F rench have rejected their own 
obſervations at Perpignan, we ſhall avoid drawing any conclu- 
ſions with regard to latitudes from the obſervations to the 
ſouthward, and confine ourſelves to thoſe: immediately con- 
need with our operation, made at the northern ſtations of the 

_ meridian. 

In carrying on the trigonometrical operation, it never was 
propoſed that we ſhould attempt to determine the latitudes of 
7 | | 5 the 
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the ſtations, by actual obſervations of the zenith diſtances of 
ſtars, which, with the very beſt inſtruments hitherto uſed for 
that purpoſe, could not have been done nearer than about 1” 
of an angle in the heavens, anſwering in theſe parts to 101 feet 
on the ſurface of the earth. Even if we could have been ſupplied 
with a ſector ſo far ſurpaſſing the old ones (ſuch perhaps as Mr. 


RAMs ůUbRN may hereafter invent) that would have given zenith 
diſtances to one-tenth part of a ſecond, or about ten feet on the 


ſurface of the earth, the application of it in our operation 
would have been mere loſs of time : for the Aſtronomer Royal 
having ſettled the latitude of Greenwich 519 287 40”, to 


within leſs than half a ſecond of the truth; and the geodetical 
ſituation of each ſtation of our ſeries being determined fo accu- 
rately with regard to that point, as to leave no where an uncer- 
tainty of more than one or two feet; we have thereby been 


able to determine the relative latitudes to a ſmall fraction of a 


ſecond. Here, however, it is to be underſtood, that we have 
adhered to M. BovourR's kae as anſwering almoſt exactly i in 
the narrow ſpace of 26” 51”, or thereabout, of latitude be- 
1 Greenwich and M. to which our operations have been 


confined. 

That this mode of eule the latitudes of our en is 
extremely accurate, will more fully appear from the following 
conſiderations. In the general computation of ſpherical tri- 


angles, a ſphere whoſe diameter is a mean between the longeſt 
and ſhorteſt of M. BoveveR's ſpheroid has been adopted, be- 
| cauſe it was obvious, that in our latitudes the degree of ſuch a | 
ſphere could not difter ſenſibly from the mean degree of the 


ſpheroid. Thus the degree of the ſphere 608 59.1 fathoms 
anſwers (as may be 3 by conſulting the table in the 


8 Paper of 1 78 7) t. to the degree of the meridian on the ſpheroid in 


Na > the 
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the latitude of 51* 5%. Again, if the total length of one- 
fourth part of the ſpheroidical meridian of the earth, between 
the equator and the pole, 5478094. 4 fathoms be divided by 90˙ 
Fig. de la Terre de Boucukk, p. 310. and 311), we ſhall | 
have 60867. 72 fathoms for the mean degree of the meridian, 
which in the ſame table will be ſeen not to differ ſenſibly from 
that anſwering to the latitude of Greenwich; in or near which 
parallel the curves of ſuch a ſphere and M. BoveveR's 
ſpheroid interſect each other, as will be readily conceived by 
referring to and conſidering the repreſentation of them, in 


late X. bg. 3. 


Arr. II. Of the Pole. far obſervations i in PER 


It bockine neceſſary, in the preceding article, to point out 
in what manner the latitudes of our ſtations have been de- 
duced from their relative ſituation with regard to Greenwich; 
becauſe the method adhered to of ſettling the differences of 
longitude by the obſcrvations of the pole-ſtar, which could 
rarely be made except on one fide, that is to ſay, at night, 
when the ſtar was eaſtward from the pole, implied as a matter 
of courſe, that the latitude of the ſtation ſhould be accurately 
known, for the computation of the ſtar s azimuth. With the 
declination of the ſtar, ſettled to fo great a nicety as it has 
been by the Aſtronomer Royal, and the latitude of the place 
given, a ſingle azimuth was ſufficient for obtaining Imme- 
diately the true direction of the meridian. Much time would 
have been uſeleſſly loſt in attempting to get obſervations of 
the ſtar in day-light when on the weſt ſide of the pole, whereby 
the double azimuth would have been obtained; and in that 
caſe the biſection of the angle would have given the true me- 
ridian of the place, without the knowledge of its latitude, 


For 


the Trigonometrical Operation. 97 

For the purpoſe of the pole- ſtar obſervations a ſmall table 
had been previouſly computed, of the exact times of the ſtar's 
being in the eaſt and weſt ; whence the moments of its greateſt 
elongation were readily known. On theſe occaſions the Board 
of Longitude's premium watch, by the late Mr. HARRISO&, 
was made uſe of. Its rate of going all the time that it was in 
the field in 1787, was very uniformly 94 ſeconds a day faſter 
than mean time. But in the winter months the watch gra- 
dually changed its rate from plus to minus, and when it was 
carried into the field in 1788, and, during the five weeks thi at 
it continued there, it regularly loſt on mean time from 31 to 
4 ſeconds each day; having in that ſhort interim been twice 
compared in Argyll-ſtreet, with an excellent clock made by 
 CummiNG, with an improved ELLICOT' s pendulum. 
With regard to theſe pole- ſtar obſervations, whereby the 
differences of longitude, or the angles of convergence of the 
meridians towards each other, have been determined, it 
neceſſary to remark, that although ſome few were made to 1 0 
weſtward of Greenwich, yet theſe were not at ſufficient diſ- 
| tance from it, and alſo taken of too ſhort ſides, to afford 
reſults that were perfectly ſatisfactory and concluſive. It is on 
the obſervations to the eaſtward only, and chiefly on thoſe 
made at Goudhurſt and Botley Hill, which are vpwards of 
twenty-three miles from each other, and reciprocally viſible, 
that we have relied for the ſcale of degrees of a great circle 
perpendicular to the meridian in theſe latitudes ; whence thoſe 
of longitude have been obtained. The obſervations. made at 
Folkſtone Turnpike, which is upwards of fifty-eiglit miles in 
direct diſtance from Greenwich, and where, fortunately, the 
double azimuth of the pole- ſtar was obtained, are perfectly 
conſiſtent with thoſe taken at Goudhurſt and Botley Hill. But 
3 when 


erence between the readings was no more than WED 
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when at Fairlight Down we had no obſervations of the ſtar, 


being at that time ſo much engaged with the other eſſential buſi- 


neſs of the triangles, and particularly with the interſection of the 


lights on the Coaſt of France, as to render it impoſſible to 
attend to any thing elſe, even if the weather had proved leſs 

unfavourable than. It was at. the period alluded to, for celeſtial 
obſervations. 


ART. I. Pole. lar edfervatins at Goudburft and Borley Hil! 


applied 70 computations on the mean ſphere. 


Let B (Plate X. fig. 5.) be Botley Hill; PBR its meridian; 
G Goudhurſt; W Wrotham Hill; T Tenterden; RG an arc 
of a great circle paſſing through G, and falling perpendicu- 
larly on the meridian BR; alſo let x * repreſent the circle of 1 
the pole-ſtar's apparent declination; and Bx, O'*, be two 

azimuth circles touching that circle. 


Auguſt 14, 1788, at Goudhurſt, the angle 
«+ GT, or that between the pole-ſtar, when at its 


greateſt apparent diſtance from the pole on the eaſt 


fide of the meridian, and the reverberatory lamp 


o 1 47 


mt Tenterden was obſer ved +, # : 104 32 193 


The angle BGT, between the lamp at Botley 


Hill and Tenterden, Was repeatedly obſerved, Rd #3 * 


Their difference avgle + GB ; is, „ 2 th 361 


+ The obſervations of the pole-ſtar at Goudhurſt and Bolley k Hill were b for 


ſeveral nights at each place; but theſe here given are the moſt exact. At Goudhurſt 


the angle which the Kar made with the lamp being noted, the teleſcope removed, and 


the plane of the inſtrument being turned 180?, or half round, the teleſcope re- 


placed and directed again to the ſtar, the difference on the circle was found to be 
71 


only 1“ . The ſame method was univerſally adhered to in all places where 


obſervations of the ſtar were obtained. At Botley Hill, in particular, the dif- 


Auguſt 
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Auguſt 23, 1788, at Botley Hill, the angle 
*BW, or that between the pole-ſtar at its greateſt | 
apparent elongation and the lamp at Wrotham 
Hill, was obſerved, * - . - I , © 21 37 

The angle WBG, by repeated obſervations was, 40 4 42 


Their fun = angle «BG i is, 2 85 . 116 26 E 


of In order to obtain the ſtar's azimuth. at each % we may 
take, without producing any ſenſible error, the latitudes of G 


and B, as they would be found on M. Bovcver's figure, 


which we have already announced, and will hereafter prove to 


be conſiſtent with obſervation. Thus B, or Botley Hill, is 


| ſouth from Greenwich 728821 feet, and nearly on 300 ſame 


meridian ; wherefore its latitude will be 51" 16' 4154, and 


its co-latitude BP of courſe is= 38* 43' 18“ .46. Now, P x 
the apparent diſtance of the ſtar from the pole at that time 
being = 1* 49' 22.84, in the right-angled peng triangle 


P B, we have ſine BP: rad. :: P# : fine 20 54“ 54% 2 equal 
to the angle * BP, the ſtar's och from the north. And 


this being added to the angle * BG obſerved 116* 26" 19”, we 


have the angle x#BP =119® 21” 15.2 for that comprehended 


between the meridian and Goudhurſt. 


Ihe diſtance of Goudhurſt from the perpendicular t to the 
meridian of Greenwich is 132592 feet, and its diſtance from 
the meridian of Botley Hill, on a perpendicular to that meri- 


dian, is 106171 feet nearly = GR. Hence the latitude of the 
point R is 51 6“ 52” * therefore RP = 38" $45 11, and 


3 106171 feet 17 15 "7 nearly. Hence, as rad. : coſine 
RP :: coſine RG : fine $F 6' 0 7, the latitude of G nearly; 
therefore GP= 438? 53 10%. 3; and Px the ſtar's apparent 


diſtance at the time being 1* 49/ 25%. 34, we have the angle 
0 
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PG x, the ſtar's azimuth = 2* 54” 207.8, which being ſub- 


tracted from the angle BG * obſerved at Goudhurſt between 


the lamp on 1 Hill aud the ſtar, there remains the angle 
BGP = 60* 17 15% 7 comprehended at Goudhurſt, between 
Botley Hill and Fel meridian. 
Now with theſe data let us e in the firſt . the 
earth. to be a ſphere, whoſe diameter is a mean between the 
longeſt and ſhorteſt of M. BoucuzY's {pheroids, the latitude of 
B, and of courſe its co-latitude BP, given; alſo the en 
PBG and PGB reſpectively 119® 21” 137.2 and 6917 15%. 7, 
we ſhall then have PG the co- latitude of G, and the angle 
Bb or difference of longitude of B and G. And becauſe the 
; degree of ſuch a ſphere contains 608 59. fathoms, the latitude 
of Botley Hill will then be $1*16 41 45, and BP its co- 
latitude = 38 43/ 18/55. This laſt ye, 1 7 the former 
mit PBG and PGB reſpeAively 119* 21 13,2 and 600 yy 
15”.7, give PG 38˙ 53 6.72 the co-latitude of G; and alfo 5 
the angle BPG, the difference of longitude of the points B 
and G. equal to. 2% 367.7. Again, in the right-angled 
ſpherical triangle PRG, rad. : tang. GP :: coſine of the angle 
RPG: tang. 28* 547 3”. 47 =RP. But the point R is 22094 
fathoms furl from Greenwich, and nearly on its meridian, 
therefore its latitude will be 355 6' 52¾.8; and hence PR tlie 
co-latitude will be 38? 53' 7.2, which exceeds PR e 
found by ſpherical computation to be 38 53' 3". 47 by 37.73» 
an arc equal to 63 fathoms. Alſo RG, the diſtance of Goud- 
| burſt from the meridian of Botley Hill, on a perpendicular to 
that meridian, is equal nearly to 17695 fathoms, which, allow- 
ng 60859. 1 fathoms for a degree, correſponds to an arc of 
| 17 26 7. But ſpherical computation formerly gave RG= 
17 20”, the difference conſequently is 67.7 1131 fathoms; 
therefore the earth cannot be this mean ſphere, which was 
aſſumed 
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aſſumed for the purpoſe of exemplification, becauſe its de -orces, 
in the direction of the meridian, differ fo little! in thele latitudes 
from thoſe of M. BouGuER' 8 ſpheroid, 


Axr. 1V. The ſame pole- Aar obſervations abplied to computations - 


on a ſphere of greater dime nf long. 


Let us ſuppoſe, in the ſecond place, the earth to be a ſphere 


of ſuch magnitude as to have degrees of a great circle con— 
taining 612531 or 61254 fathoms, we ſhall then get the lati- 
tude of B or Botley Hill= 51 16' 46”, the latitude of R= 
54" 5 2/7.2, and: FR = 38 52/ 588; allo RG=17' 19.9. 


Now, BP= 38* 4% 130 9, and the obſerved angles will give 


the angle BPG, or the difference of longitude = 27“ 36 7, the 


We as before, and the arc PG or co-latitude of 82 38* 57 

2 05 This laſt ſide, with the angle RPG=27' 36”. 7 of 
the nieht angled ſpherical triangle PRG, will give PR= 38* 
52 58”.8, and RG=17' 19".9; that is to ſay, the obſerved 
angles PBG and PGB, at Botley Hill and Goudhurſt reſpec- 


tively, are nearly the ſame as they would be found on a ſphere of 


ſuch magnitude as to have degrees containing 61 2532 or 61254 


fathoms. But ſince the value of RG as an arc of a great cir- 
cle was before found by the triangles BPG and RPG to be 


17 20”, when the latitude of B was taken as belonging to a 


ſphere whoſe degrees contained 98585 1 fathoms; and the 


ſame arc as now determined, vis. 17“ 19“. 9, agrees very nearly 


* It is evident, that as the latitude of B increaſes, the ſtar's azimuth, or the 
angle % BP, and conſequently the angle PBG, increaſe likewiſe, But at G the 


angle PGB is diminiſhed by the increaſe of the angle & GP, or the azimuth ; and 


therefore if the difference of the latitudes of B and G remains the ſame, or 
nearly the ſame, the ſum of the angles PBG, PGB, will alſo be nearly the ſame ; 
wherefore no ſenſible difference in the angle BPG, or difference of longitude, will 
be found on this account, f vi 


3 with 


102 - Gm. Roy's Account of 
with the ſorter; although the latitude of B be now taken on a 
ſphere whoſe degrees contain 612531 fathoms, it obviouſly 
follows, from theſe recent obſervations, that whatever the pre- 
cijſe figure of the earth may be, or the ratio between its diameters, 
the degree of a great circle upon it perpendicular io the meridian, 
cannot in theſe latitudes WICH much in length from 612531 Falken. 


Aur, V. The fole: /lar obſervations at Poltfone T urnpite oþplied 


to Fans on the ſame greater ſphere, 


Let G (Plate X ſig. 6.) be Greenwich; PR its meridian: : 
F, H, and T, the ſtations at Fairliglit Down, High Nook, and 
Folkſtone Turnpike, reſpectively; ; alſo let PF and PT be me- 
ridians paſſing through F and T; and FR and Tr great circles 
cutting the meridian of Greenwich PR at right angles in R and 7 Pa 
At the ſtation T, on the 7th of September, 
1788, at night, the angle between the pole-ſtar, 
when at its greateſt apparent elongation from the 


2 5 | pole on the caſt fide of the meridian, and „ 
verberatory lamp at H, was obſerved, « 123 19 38 
On the following morning, Sept. $th, the 
angle between the ſtar, when at its greateſt 
diſtance on the weſt ſide, and the fag ſtaff at H, 
was obſerved, ig R „„ 89 20 525 
The difference or double azimuth | 16, ” "48 10? 
And the half ſum! 15, . A 120 24 57.87 


: — — — — 


1 half ſum 1207 247 57%. 87 * ; is the angle | PTH, or that 
comprehended between the meridian PT and H. The angle 


* By king the latitude of T as determities: on M. 3 ſpheroid, = hang 


515 5'.45'.3 nearly, the co-latitude or TP is equal to 38* 54“ 14.7, and the 


far's apparent diſtance at the time being 1* 48“ 18,03, We have, as fine 
38˙ 
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HTF, or that between the lamp at II and the White lights 
repeatedly fired at F, was twice obſerved 22148; therefore 


120 24" 577.87 + 22' 487 = 120 47“ 45:87-15 tlic angle PT, 


that the ſtation on Fairlight Dow n makes with t le meridian of 


Folkſtone Turnpike. - 
Now, „IT being equal to 458 27.88 fathoms, and REF = 


23884. 68 fathoms, if we take 612531 fathoms= 1", we ſhall 


nie N fathoms g 22“ 24.18; GRS 36436.1 fa- 


thoms= 35 41.423 rT=44 577 4.3 . 3: 23733 
therefore PR, the co-latitude of R, will be 39* 7-1”7,425- and 


that of r or Pr will be 38 53 44.18. 3 in the right- 
angled ſpherical triangle PRE, we hall have the angle RPF = 


37 4-901, and PF= 397" 7 +2 294. Further, the triangle 


7 T pea. the angle rPT =1* 11 29” .143, and PF 


38 54 5" 98. Now, 1e 11, 297 ,143= 37 4 90134 


24%.242 the angle FPT. This laſt angle, with the two 


5 coptaiang ſides PT and PF, give the angle PTF-= r20% 477 
Re 75s the ſame as it was actually obſerved very nearly, And 
hence we have another ſtrong proof, that on this part of our 
earth the degree of a great circle, perpendicular to the meridian, 
cannot differ much in lensth from 61253 : fathoms, whatever may 


be its real figure, <vhich cannot be determined until theſe obſerva- 


tions ſhall have been compared with others that may hereafter be 


made in the ſame way, and with equal care, in latitudes remote 
from each other. 


28? 54 4. 7 rad, :: fine 15 40 197.03: ſine 2* <4 5.12 the ſtar's azimuth, 


Twice this angle, or 50 48 10%.24, agrees very nearly with the double azimuth 
5 48 10”3, found by the obſervations on the 7th and 8th of September.“ This 
near agreement, at the ſame time that it ſerves to ſhew the accuracy of theſe obſer- 


vations 1n particular, and the goodneſs of the mode that was adopted in general, 
ſerves alſo to prove, that Dr, MASKELYNE has ſettled the declination of the pole- 


ſtar to great preciſion, 


4» 
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An r. VI. The Jatitud: of the point FE near Dunkirh, and conſe- 
"quently the diftance between the parallels of Greenwich and M, 
deduced from the fame length of a degree perpendicular io the 
. meridian, Alſo the compar ſon 15 its length with that of the 
meridional degree. 


Again, let us ſuppoſe G (Plate x. fig. 7.) to be Gremwwich ; 
Pr its meridian ; M the point near Dunkirk, ſuppoſed to be in 
the meridian of Paris; Mr a great circle paſſing through that 
point, and falling perpendicularly on Pr. Then, ff we take 
612534 fathoms=1* „ we ſhall. have 7M (=896747 fathoms) 
=1® 259” 50¼. 37, and Gr (= 25831.42 fathoms) 225“ 18”.17. 
e Pr will be 38” 560 1 17; and therefore as rad, : coſine 
Pr :: coſine 7M : fine 51 1“ 58”.5 the latitude of M; and 51* 
28% 40” — 51 1% 3-5 =20'41".5 is the difference of latitude 
between Greenwich and M, or the diſtance of their parallels. 
Now, as 3600“ 612531 :: 26' 41” 5 (= 1601”, 5): 27249-3 - 
fathoms; bl this being added to 133409.8 fathoms, the meaſured 
arc of the meridian between M and the Royal Obſervatory at 
Paris, we have 160659. 1 fathoms for the length of the ter- 
reſtrial arc of the meridian comprehended between the parallels 
of the two Royal Obſervatories ny But the length of the 
celeſtial arc between them being 2 380 2 26“ would, at the 
rate of 612533 fathoms to a degree, give g 1617433 fathoms, 
which exceeds the meaſured arc by 1084.2 fathoms. Therefore 
it is ſufficiently obvious, that the earth cannot be a ſphere of theſe 
dimenſions; but it muſt be an oblate fþheroid, on which: a degree of 
a great circle, perpendicular to the meridian, in this way of con- 
fidering it, exceeds in length the mean degree of the meridian be- 
tween Greenwich and Paris in Foe Proportion of 6125 zz to 
$0842, or 4114 fathoms, Ys | 
3 . Ar. 
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ART. VII. Applicat ion of the reſulls of the pole-/lar obſervations 
to computations on M. BouGueR's /þ/ eroid, for the d. ance of -: 


the farallels of Greenwich and M. 


| Hitherto the reſults obtained by the geodetical meaſurenient.. 
and pole-ſtar obſervations have been applied to ſpherical com- : 
putations on two ſpheres ſuited to the different lengths of de- 
grees found in two oppoſite directions, at right angles to each 
other, the meridian and its perpendicular; and from theſe 


computations it has been clearly proved, that the earth cannot 
be either of the aſſumed ſpheres. 
Let us therefore, in the next place, ſuppoſe the earth to 


have the figure and the dimenſions of M. Bovguer's ſpheroid, : 
and by way of compariſon apply the ſame reſults to computa» 


tions on that figure. Thus the latitude of the Now. will be 


found 513“ 12 09, and the are rM=1* 27 49” 0g. Hence, 


as rad. : coſine P:: coſine M: ſine £27 . 48“. 85 = the lati- 


tude of M nearly, Now, let the points r and M be repre- 


ſented by B and v (Plate X. ing 2.) then wall A repreſent the 
point whole latitude is 51* 17 48.85; and by proceeding in 
the manner formerly directed for a ſpheroid, we get GW = 
15.12 fathoms= to the diſlance in the axis en the pants 
where the verticals from the latitudes 51* 3“ 12.09 and 5110 

48” 85 meet the ſaid axis. Hence, as rad. : 15.12 (GW) :: cofine 


511 48”.85 (angle SWG): 9.509 fathoms = GS, or the arc Av 


extremely near. Now the value of Av, as an arc of the meridian, 


is=0”.56, which being added to 38* 58” 11”.15. (AP), gives 


38 $8 171 =Pv, the co-latitude of v; and hence the true 
latitude of v, or M (fig. 7.), is 51* 1' 48”.29, which being 
ſubtracted from T9 28“ 40”, the latitude of Greenwich, there 


remains 26' 51.71 for the arc between them, or diſtance of 
their 
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their parallels, which on this ſpheroid correſponds to 27248. 2 
fathoms, leſs only by 1.1 fathom than the Face found, in the 
laſt article, to anſwer to an arc of 26” 41.5, being the diſ- 
tance of the ſame parallels on the greater ſphere. 
Thus the meaſured length of the are between Greenwich 
and M, 27248.2 fathoms, being added to the meaſured diſ- 
' tance of M from the Royal Obſervatory at Paris, we have for 
the total .length of the arc between Greenwich and Paris 
160658 fathoms, which exceeds the computed length of the = 
ſame arc on M. BoUGUER' 8 hy potheſis by no more than Yb 
fathoms. e | 
But it hath been already ſhewn, that bee the preciſe 
5 fare of the earth may be, a degree of a great circle upon it, 
perpendicular to the meridian, cannot in theſe latitudes differ 
much in length from 612531 fathoms, being but 164 fathoms 
leſs than 61270 fathoms, the _ of the correſponding ; 
degree on M. BouGUER's s ſpheroid. 5 
As far therefore as we are enabled to judge from the reſult 
of theſe obſervations, the earth differs but little either in its 
latitudinal or longitudinal dimenſions from what hath been 
aſſigned to it by M. BouGugR. f 


ART. VIII.  Abplication of the pole-ſlar „ 
Hill and Goudburſt, for determining the length of the degree of 


a great circle, perpendicular to the meridi in. 


Since M. Bovcver's ſcale for the degrees of the meridian 

bath been found to agree almoſt cxactly with obſerved latitudes 
in this part of the earth, let us take the latitudes of B and R 
(fig. 5) as they would be found on his ſpheroid nearly, and 
apply the pole-ſtar obſervations at B and G, in order to find 

the length of the degree of a pron circle, perpendicular to 


the Z 
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the meridian of Botley Hill, paſſing through Goudhurſt. 
We ſhall then have PB, the co-latitude of Botley Hill, 
OC 43 18”.46, and PR, the co-latitude of R, = 48" 537 
2" . Now, if the latitudes of B and R are nearly true, it 
follows, that the point G muſt be ſomewhere in the great circle 


RCG, whatever may be its longitude. Therefore the an gle BPG, or 


the difference of longitude between B and G, will be found! In 
the following manner. 

Augment the obſerved angle PBG=1 195 2171 130 2, and dimi- 
u ſſp the obſerved ang PGB = O 17' 15% 7 by the ſame quantity of 
2 Linh "__ PR determined from the triangle BPG becomes = 

| 8050 53 714 nearly ; which will be when that pt 16.07. 
217 Thus the angles for computation will be 1 oy 21' 154 
: ＋ 95 21” = 119 30 34% 2, and 607 17, 15 9 21“ 
60 7 54% 7; whence the angle RPG, or difference of 5 
gitude between B and G, will be found = 27” 36%. 7 5, and the 


arc RG=17' 20”.06 nearly = 17695 fathoms. And hence the 


degree of a great circle, perpendicular to. the meridian, of this 
new Jpheroid, will, in the latitude of R, contain e faihoms 
nearly, 
This follows as a corollary from what hath been already faid 
concerning ſpheroidical triangles. 
But ſince the difference of longitude between B and G was 
formerly determined to be nearly the ſame, viz. 27 ' 36/ „ when 
the obſerved angles at theſe two {tations, and alſo the latitude 


, of B, were ſuppoſed to be on a figure different from this new 


ſpheroid ; it therefore follows, that the difference of Jongitude 
between any 120 fations B and G, di; fant in the preſent caſe ſro: 
each other tawenty-three miles (and they ſhould never be much 
leſs remote) may be found with fe ficient exaFneſs, by having the 

horizontal” | 
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borizontal angles at each fration obſerved very accur alely, and the 

latitude of one of the flations given nearly. 

The difference of longitude between Botley Hill and Tia. 
hurſt, found as above, 27” 36”.75, being augmented by the 
value of the ſmall arc rigs e between the meridians of 
Greenwich and Botley Hill = 27.5, we have ultimately 


27 39˙%½ 45 for the longitude of Goudhurſt, eaſtward from 
Greenwich. 125 


7 Anr. IX, D. geren between obſerved angles on the new  ſoheroid 
and that of M. Bougvuss. 


' Laſtly, « on the ſubject of theſe compariſons, let us ſee what 
would be the difference between the obſerved angles at Band G, 
as determined on the new ſpheroid and on that of M. Bovcvrr ? 
The latitudes of B and G on M. Boucuer's ſpheroid would 
reſpectively be 51516 41%. 54 and 51. 6' 49.66 nearly, and 
the angle BPG, or e of longitude, would be = 27 
36/18. Now, this laſt angle, with the two co-latitudes PB 
and PG, as containing ſides, and ſuppoſed to form a ſpherical 
triangle, will give the angles at B and G reſpectively 119* 31” 
26".47 and 60* 7 3.18. But the obſerved angles at theſe 
ſtations would be 119 21 32.97 and 60* 16' 56%.68, the 
common difference between mo being 9“ 53“. 5, which 
is 32“.5 greater than 9“ 21“, as was before determined. 
Hence we may conclude, that in this new ſpheroid, 
founded immediately on the recent geodetical meaſure- 
ments and obſervations of the pole-ſtar made at Botley 
Hill and Goudhurſt, the verticals from B and G meet the 
carth's axis at a leſs diſtance from each other than they would 
in M. Bovcver's ſpheroid. The length of the vertical is 
ſhorter as well as the radius of the parallel, whereby Goud- 


hurſt, 
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burſt, or the point R, is leſs removed from the earth's axis 
than it would be on the former figure; and eonlequently it is 
probable, that the ſpheroid is leſs oblate. 


From the preceding determinations it is further evident; that 


{ſuppoſing the latitudes of B and G, with the horizontal an— 


gles PBG and PGB to be given by obſervation, not only the 


difference of longitude, or the angle BPG, will be obtained, 
but allo the arc BR of the meridian, the arc RG of a great 
circle perpendicular to it, and the oblique arc BG, all couſi- 


= dered as ares of great circles of the e 


Arr. X. Vuriber illuſtration of the manner of ue the lati- 


tudes and long itudes of the ations comprebendedi in the general 
table of reſults. | 


Having ſhewn, | in the preceding part cf this ſection, how 
the length of the degree of a-great circle, perpendicular to the 
meridian, and alſo the diffrences of latitude and longitude, 
have been obtained by very: accurate obſervations of the pole- 8 
ſtar made at certain ſtations to the eaſtward of Greenwich, 
whereby we have been furniſhed with a ſcale for ſettling the 


longitudes of all the other ſtations where no obſervations of 
the pole-ſtar could be had, or only ſuch as were not to be de- 


pended upon; we ſhall, by way of further illuſtration of this 


matter, give another example of the calculations for the point 
M near Dunkirk, which will ſuffice for all the other ſtations 
comprehended i in the genera] table of reſults placed at the end 
of this ſection, Where the reſpective columns have been led 
up by the ſame or a ſimilar mode of computation. 8 


Let G (Plate X . fig. 8.) be Greenwich; GR its meridian : 


Gg the perpendicular to that meridian, produced caſtward; 
MR a parallel to that perpendicular drawn through the point 
| 5 P M; 
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M; and let Mg be a portion of a ſmall circle of the ſpheroid, 
or parallel to the meridian of Greenwich, produced from M 
northward, until it interſects the perpendicular in the point g. 
Alſo, let MP repreſent the meridian of the Royal Obſervatory 
at Paris, paſſing through the point M, and interſecting the pa- 
rallel of Greenwich in P. Further, let C repreſent the 
church of Notre Dame at Calais, and e as appears by 
the triangles, an angle RMC of 14 51” 3,9 with the pa- 
rlallel to the perpendicular of the meridian of Greenwich drawn 
through the point M. „ 

From the annexed general table of the reſults of the t tri 
angles, it appears, that MR=gG contains 538048 feet =' 
 $9674.7 fathoms; and that GR = 2M contains 154938 feet = 
25823 fathoms. Now, ſince great circles, perpendicular to 
any meridian of the ſpheroid, converge towards each other, 
as they depart from that meridian, in the ſame manner as the 
- meridians themſelves do in departing from the equator, but 
by a ſlower rate, it is obvious, that the perpendicular to the 
meridian of Greenwich, paſſing through the point M, muſt 


fall below or to the ſouthward of R on pings meridian, ſo as 


that Gr : GR :: rad. : coſine MR =1* 27 51”, conſidered as 
a portion of a great circle of the ſpheroid, perpendicular to 
the meridian of Greenwich. Hence, Gr will contain 2583 1.43 
fathoms = 25˙ we 9 of latitude, and therefore the latitude of 
r will be 51 3 12.1, and its co-latitude 380 56 47".9. Allo, 
Rr meaſures. 8.43 fathoms, and ſubtends an angle RMr = 
19% 42. 

Ja the right-angled ſpherical | triangle, OT M. right- | 
angled at r, making uſe of the half ſum and half difference 
of the containing ſides, 7 pole and 7M, with the co-tan- 


gent 
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gent of 45* we have the angle of longitude 7 


pole M, : SO ON ei = 2 19 42.5 
The angle, pole Mr, 5 g 888 11 4214 
And the complement of this laſt, or the con- 

vergence of the meridian of M (ſuppoſed to co- 

incide with that of TROY to the meridian of N 

Greenwich, „5 = 1 48 38. 1 


Alſo, as ſine 882 11 SO Gi © 38 $6 477.9 :: rad. : fine 
— 580 11% 2 the co-latitude of M; whence its 3 be- 
comes . 48˙.̊.8, from which, deducting the ſpheroidical 


correction o”.5, we have the true latitude of M 5151 10 2 
The difference between this and the latitude of r=5 12 $181 


will be 1/ 22 , anſwering on the ſpheroid to 1416. 77 fathoms; 


and this laſt number being added to the value of the are Gr = 


25831.43 fathoms, we have 272 248.2 fathoms for MP, or the 
_ diſtance of the parallels of Greenwich and M on this new 


| ſpheroid. 


Lal, if to this mean \ diftatice of the 3 of M PERS 
Greenwich, we add the mean diſtance of the parallel of M 
from Paris = 133398. 8 fathoms, we ſhall then have 160647 | 


fathoms for the mean diſtance of the parallels of Greenwich 
and Paris, anſwering to the celeſtial arc of 2* 38” 26”, 
Hence the mean degree of the meridian between Greenwich 
and Paris dunes to the latitude of 50" 9's, in 
608 38.3 fathoms, or about 13 fathom leſs than M. BouGUER's 
d for the ſame latitude. 


* 
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 ArT. XI. Compariſon of the angle between the meridian of 
the point M and à line drawn from thence to Calais, as 
approximately deduced from the Brit "fb and French mw 


| valions. 


In the heroidical quadrilateral GerM (fig. 8.), formed by 
three arcs of three great circles, and one of a ſmall circle of the 
ſpheroid, we have two right angles at G and x, and two others 
at g and M, each greater than a right angle by 9 75 there- 
fore the angle RMC, reſulting from the RS i 14 510 3” 9 
— RMr 019” 42) =14" 50" 44".5+g0 of 9g” 7 (Mg) = 
104 500 54”.2, is the angle gMC, or that which Calais makes Ty 
with a parallel to the meridian of Greenwich drawn through _ 
the point M. From this laſt angle ſubtracting the angle PMg 
"= 1-40 28” 6, or the quantity by which the meridian of M : 
(ſuppoſed to co-incide with that of Paris) converges towards 
that of Greenwich, there remains the angle PMC 1035 27 
'15”.6 for the angle that the meridian of M ſhould make with 
a line drawn from D, or Dunkirk, through that point to Ca- 
lais, according to the Britiſh obſervations. ; 
By the late French operations, the meridian of Dunkirk 
makes, with a line drawn through M to Calais, an angle of 
1025 59 ox” a The convergence of the meridian of ” to 
that of n on a difference of . of 20 210 54. 
is 1 av 94, which being added to 1025 597 61”. 5, we have 
103" 1 / 41.44 for the angle that the meridian of M, or of 
Paris, makes with a line drawn from Dunkitk through that 
point to Calais, : The difference between the . reſults 34“. 16 


1 ty 37 A5 9 
the apparent . in the deterrainarion of that angle 
by 


18 nearly equal to the mean of two extremes 
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by two ſets of angles given in the Meridienne verifice, as adverted 


to in the 88 of 1787, Phil. Tranſ. Vol. LXXVII. p. 195, 196. 


ART. XII. The longitudes of Dunkirk and Paris, eaſtward from 


Greenwich, determined by the Ca of . dt ferences of me- 
ridians. 


In fig. 9. let PA be the arte of Sek ; G Goud- 
| hurſt, PR its meridian ; T' the ſtation at Folkſtone Turnpi! ce, 
S its meridian; C Calais, PC its meridian; D Dun- 
kirk, and PB its meridian. Alſo, let AG, RT, SC, and BC, be 
arcs of great circles, . the angles PAG, PRT, PSC, 
and PBC, right ones. : 
The angle at Goudhurſt, between its meridian and Tenter⸗ 
den, is 107* 26“ 40“. 3; hence, by drawing parallels to this 
meridian through Tenterden and the ſtation at Allington Knoll 
(ee the plan of the triangles) we ſhall get 946.6 fathoms for 
what the ſtation at the Turnpike is ſouthward, and 28098.8 fa 
thoms for what it is eaſtward from the meridian of Goudhurſt. 
Now, 608 59.4 fathoms being nearly = 1* of the meridian in the 
latitude of Goudhurſt, we have 946.6 fathoms = 56“ nearly = 
the arc GR; and the latitude of Goudhurſt being 51* 6' 497.6, 
that of the point R is 51* 5' 53.6; hence the co-latitude RP 
= 38 54' 6”.4: and fince the degree of a great circle, per- 
pendicular to the meridian, in this latitude has been ſhewn to 
contain 61248 fathoms nearly ; therefore RT = 28098.8 fa- 
thoms will be 27” 30/%.6. This arc and RP give the angle 
RPS = O 43“ 49“. 86 for the difference between the meridians of 


3 Goudhurſt and Folkitone Turnpike. 


The angle at Folkſtone une between its meridian and 
Dover was obſerved 66 48“ 35”, and if we draw a parallel to 
this. meridian through Dover, we ſhall £ nd, that Calais is 

25204.2 
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25284.2 fathoms eaſtward from the meridian of the Turnpike. 
Now, the latitude of Calais being 50 57“ 30“ nearly (which 
is accurate enough for computation) the length of the degree 
of a great circle, perpendicular to the meridian in that latitude, 
will be 61246 fathoms nearly. Hence, 25284.2 fathoms = 
24 46%.8 =the arc CS; this, with the co-latitude CP (39 2 
39”), give the angle CPS= 39“ 19.48, for the difference of 
longitude between the Turnpike and Calais. 


By Comte vs CassIn1's Paper, communicated in Sy 


1789, it appears, that the angle at Dunkirk, between its me- 
ridian and Broulezele, Is 10 18025“; and that between Broule- 
zele and Calais 665 410 46%, the ſum is 77 o' 11% for the 
angle at Dunkirk, between its meridian and Calais. In the 
ſame Paper we have 19 349 34 toiſes for the diſtance of Dun- 
kirk from Calais; this, with the angle 77 o“ 11%, give 
188 53.7 toiſes or 20093. 3 fathoms for the diſtance of Calais 
weſtward from the meridian of Dunkirk, which, by taking 
61246 fathoms=1* (that of a great circle perpendiculr nh 
the meridian in the latitude of Calais), is equal to: % 417.1 - 
—the arc BC; and this arc, with wal the co-latitude of cu. 5 
lais, give the angle CPB = 31 15”.11 for the difference be- 
tween the meridiaus of Calais aud Dunkir | &; : 
The angle APR, or the difference of the me- 
ridians of Grecenwich and Goudhurſt, has ” a 
ready been found (ſee the end of the 8th article, 


V 


and alſo the table of general reſults), > =O 27 39.45 
„ . . „ -F" 42 12 50 
The angles e 5 „ 19.489 

: VWHVB; mh > 36: A811 


8 the total angle APB, orlong of Dunkirk, is=222 3.9 


2 
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It hath been already remarked, that, from p. 276. Meri- 
dienne <erifice, Dunkirk is 1430 toiſes eaſtward from the me— 
ridian of Paris; and that in p. 36. of the Dęſcripiian Geome— 
trique de la France, we find it only 1416 toiſes. Now, theſe 
will give 2“ 22“. 6 and 2“ 21”.2 reſpectively for the difference 

of meridians of Dunkirk and Paris; the mean is 2” 21”. 15 for 

His nd of Dunkirk eaſt from Paris; therefore 2 
37.9 —2' 21” ,9=2" 19 42”, or 9“ 18“¼.8 in time, will be the 
longitude of Paris eaſt from Greenwich nearly, 


Again, in fig. 10. let P be the pole; G Greenwich, PW its 


meridian ; RD an arc of a great circle making the angle at R 


3 right one, and paſſing through D; and DW an arc of the 


parallel of latitude of Dunkirk, | 

By p. 240. of the Mem. de Þ Acad. 1760. the celeſtial arc 
between TOs and the ſtation we pe nga near Dunkirk is 
2* 11” 50”; to which adding 5“ 3 (=344 1 80 TY WR 
the tower is north from the ſta i we have 2 11” 55%. 3 for 


the arc between Paris and Dunkirk; therefore, if the latitude 
of Paris is 48 50 14”, that of Dunkirk will be 515 2:9: 35 


whence its co- latitude becomes 38 7. 30 . 7 DP. 
From what has been ſaid concerning ſpheroidical triangles, 


it follows, by way of corollary, that to find RD by ſpherical” 


computation, when D and the angle at P are given, it is 


neceflary to diminiſh DP by a certain quantity determinable 


from the nature of the ſpheroid ; this quantity is about o“. 5 
when the een is M. BovcutR's; therefore DP may be 


taken = 38 57" 3 1 which 1 18 — accurate for com- 


putation. 
Hence, as rad. : fine DP: : fine 25 229 * 9 = =WPD : fine 
1 39 19” '.17=the arc DR. Now, 61247 fathoms being 
equal to 1* of a great circle perpendicular to the meridian in 
the 


—— . —E—2ä— — 
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| the latitude of Dunkirk nearly, we have, as 1* : 61247 : 
1* 297 197.17 : 91175.8 fathoms=the are DR. 
But the length of this arc DR has been found nearly the 
ſame, that is, 91176.3 fathoms (ſee the table of general re- 
ſults) by continually drawing parallels to the meridian of 


Greenwich through the different ſtations between it and Dun- 
kirk; therefore, although that method in general is not ſtrictly 


accurate, having a tendency to give the reſults in exceſs; yet 

it is evident, that the length of the arc of a great circle ſo 

determined will differ very little from the truth, when the 

ſeries of triangle: employed for that purpoſe are contiguous to 
it, and follow Its direction nearly. 


aur. XIII. For the d. e between the parallels of CY 
Greenwich and Paris. 


The diſtance between the parallels of Greenwich and Paris 
has already been determined in Art. X. of this ſection, by 
taking M (1420.41 toiſes weſtward from Dunkirk) as the in- 
termediate point. Let us next ſee what will be the reſult when 
Dunkirk is made uſe of inſtead of M? 

1 fig. 10. a5 cof; RD: rad. :: col. DP: cof, PRE 38˙ 56 
24. 07; but DP by DAMNED is = 38 FT 6 PW; 
hence PW —PR=38 57' 50”.7—38' 56' 24.07 =1' 26.6; 
= RW = 1464. 8 1 nearly, bs taking 60858 fathoms 5 


a degree of the meridian, that being nearly its value 1 in the 


ite of Dunkirk. 


By our operation Dunkirk i 18 25425 fathoms 8 from 
Greenwich; but the great circle DR meets the meridian of 
Greenwich about 8 fathoms further ſouth, that is to ſay, GR 
238 25425 + 3.3 85 25433 E non which being added to 1464.5 


Hives 
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gives 26898 for the diſtance between the parallel: of latitude 
of Greenwich and Dunkirk. 

Becauſe Dunkirk is fituated near the meridian of Paris, the 
diſtance between the parallels of latitude of theſe places will be 
nearly equal to what Dunkirk is north from Paris, namely, 
1255171, or 125445 toiſes (ſee the pages formerly quoted). 
Theſe numbers give reſpectively 133770 + 26898 = 160668, 
and 133746.3 + 26898 = 160644.3 fathoms for the diltances 
between the parallels of Greenwich and Paris, a mean bet cen 
which will nearly be 160656 fathoms. 

I therefore the celeſtial arc of the meridian hens Green - 
wich and Paris is 2 38' 26”, we get 608464 or 608371 fa- 


97 2 | 
thoms for a degree of the meridian in latitude 50? 9'4, the 


29 
middle point between Green wich and Paris; and a mean of 
theſe two reſults 608414 only excceds M. Bougurk' 8 degree 

for the ſame latitude about 14 fathom, a quantity not differing 
ſenſibly from the defect that was brought out by the compu- 
tation in Art. X. Finally, therctore, by taking a mean be- 
tween this and the former length oo8384, we ſhall have 992278 
fathoms for the degree of the meridian i in latitude 50 9 7 


agreeing almoſt exactly with that of M. BoUGUER. 


Akr. XIV. Ra of the leng th of a degree of a great circle, 
perpendicular to the meridian ; in Kent, with hat Ill the South 
tf France. | 


M. Cant DE Tavry, i in his Book is Miridioine verifiee, 
has given us the detail of an operation carried on in the South 
of France in latitude 43* 32', for the determination of the 
length of a degree of longitude, by marking, at the extremi- 
ties of a long and well aicertained diſtance, the inſtantaneous 
exploſion of gunpowder 1 in the open air. For this purpoſe a. 


|» ſeries 
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ſeries of triangles was extended along the ſhore of the Medi- 
terranean Sea, between Cette and St. Victoire, the extreme 
{tations from whence the light was repeatedly obſerved, as 
fired at the church of St. Maries, nearly in a central ſituation, 
at the mouth of the leſſer branch of the river Rhone. 

From the reſult of this operation, the beſt of the kind that 
has ever been executed in any country, it appears, that a degree 
of longitude in that latitude meaſures 443557 fathoms; 
whence it follows, that the degree of a great circle, perpendicular 
to the meridian there, muſt contain 611824 fathoms, being 

651 fathoms leſs than the degree in the middle of Ven lati- 
tude 31 6“ 50“. | 5 
Now, if we com pare this difference with that found Beeren 
the correſponding degrees of great circles for the ſame latitudes 


oon M. BovevtR's hypotheſis, we ſhall find them perfectly 


cConſiſtent with each other in their rate of diminution : for, by 
5 conſulting the table, it will be ſeen, that this Aas in lati- 
tude 51* 6 zo” exceeds that in latitude 43 32“ by 64.7 fa- 
thoms, agreeing within leſs than a fathom with the former 
difference. Eh 
On due conſideration. of fo many corroborating circum- 
ſtances as have been adduced in the courſe of this ſection, 
there ſeems, therefore, to be ſufficient room to conclude, that 
the earth differs but little either in its figure or dimenſions from 
what hath been aſſigned to it by M. BouGuer. It is true, in- 
deed, that a new ſpheroid has been here preſented, ſomewhat 
lefs flat than the former, founded immediately on the Britiſh 
obſervations ; and theſe being again compared with the reſult 
of the above-mentioned operation, whereby the degree of lon- 
gitude in the South of France was determined, it is from the 
combination of both reſults that the annexed table of the 


I lengths 
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lengths of degrees of great circles and of longitude has been. 
conſtrued for middle latitudes only, extending from 42* to 


52%, Without the help of ſuch a table, the new longitudes of 


ſome intermediate places, which we ſhall have occaſion here- 
after to compare with the old, could not have been fo accu- 
rately computed as was wiſhed. Now, although it is be- 
lieved, that this table will be found to aniwer nearly in that | 
zone of the earth for which it is intended; yet it, is only 
offered for temporary uſe, until future obſervations of the pole- 
ſtar in the ſame parallel, but on longer diſtances than our recent 
ſeries of triangles afforded, or the extenfion of operations of 
the ſame nature with ours into remoter latitudes, ſhall have. 
furniſhed data for one more correct. 


— 


: [Table of che 18 of great circles and of longitude for 
middle latitudes. 
. 9 beg. of great cir-]Degrees of longitudeſ 
Places. | Latitudes, cles, perp. to the} in fithoms, 
| meridian 1n fath, | 
„„ 6 Diff. Diff. 
% O0 0 fired. 8 454 8.5 = 
* | 43. © © 3 7˙5 = 8 * 715-7 
[South of France. 143 32 © |61182.5 J 4.5 [44355-7. } 387.1 
5 44 0 © |61186.5 } 4. 44013.9 } 341.8 
435 0 o 61195. J 8.5 [43271-4 J 742.5 
46 0 0 bio. 8, 428i. J 750.2 
47 © © [61211.5 } 8.5 41740.1 J 769.1 
SS IT a e -.0 1 01220. }. 8.5.1] 46904.2--} 781.9 
Paris Royal Obſervatory 48 50 14 |61227.5 } 7.5 40303.2 } 662.0 | 
21 „„ 49 0 0 61229. ) 1.5 40169.8 J 132.4 
50 o © 61237.5 } 8.5 | 39362.8 } 807.0 
. 51 o o 6124.5 } 9. 38542.) } 820.1 
IU near Dunkirk . 51 1 48 3|61246.7 } 0.2 | 38518.8 } 23.9 
[Dunkiik . . {51 2 9.3|01246.75 } 0.05) 385141 } 47 | 
Middle of Kent „ |5t 6 49.661248. } 1.250 38450.0 } 641. 
[Greenwich Royal Obferv. 51 28 40 |bi2gt1 } 3.1 | 38140.7 J 301.3 
'£ 3 52 0 0 12 } 3-9 (377 12:3 ; } 436-4 | 
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An r. XV. Compariſon of the old Jongitudes of ſome places on the 
ſkirts of the kingdom of France with what they will be us 
computed by the new data. 


If the preceding determinations of the longitudes of the 
ſeveral ſtations between Greenwich and Dunkirk are accurate, 
or .nearly ſo, as founded immediately on the Britiſh obſerva» 
tions, and ultimately combined with the reſult of the opera- 
tion in latitude 435 33, it follows, that all the longitudes of 

the great map of F rance, the labour of more than half a 

century, will be conſiderably affected thereby, in proportion 

to the diſtances of the places, eaſtward or weſtward, from the 
meridian of the Royal Obſervatory at Paris reſpectively. 

To ſhew the effect produced by the new data, we ſhall col- 5 
lect, in the following table, the latitudes and old longitudes of 
a few noted places on the ſkirts of that great kingdom, and 

annex to them the new longitudes reſulting from computations 
made with new lengths of degrees of great circles, perpendi- 

_ cular to the meridian, correſponding to their latitudes reſpec- 

tively. It will readily be conceived, that the object here in 
view is ſolely this; namely, that aſtronomers who live near thoſe 

places, and who have their time, that is to ſay, the directions 
of their meridians very accurately aſcertained, may, by their 
future correſponding obſervations (which ſhould only be occul- 

tations of the fixed ſtars behind the moon's dark limb) com- 
pare the old with the new longitude, and thus be enabled to 

_ ſatisfy the curious world, which of the two comes neareſt 
to the truth. | 


| Com- 


the Trigonometrical Operation, 121 


: Comparative table of the old and new / loogitudes of "IO noted places 
on the ſkirts of the kingdom of France. 1 


— 


1 0 Longitudes, Diff. of old and new long. 
Places. Latitudes.— —— K 
135 1 Old. New. {in deg* &c.| in time. | | 
| 2 | | 6 | 1 77110 1 4 S] / 77 / H Sec. Thirds. ; 
2 Pilier de Cette s 143-24  Ojt 27: 517-20 37] 0 23 ES 
Tour de Planter, near Markilles F * 4 
1s | Signal of St. Vitoire 43 31 5283 15 883 13 580 1 10 4 40 
S } Straſbourg (Conn, de T. 1788) (48 34 35/5 20 1805 * „„ 
2 | Ditto (Deſcrip. Geomet, 77S th Don 
i ORs 45 34 50 5 25 05 23 33 127 5 48 


| — 


— ________r©__— — 


2 Tour de Cordouan at the mouth of — | 5 
* the Garonne, Conn. de T. 1788/45 35 vl 30 383 29 18 . 
N — . Malo A F 43 39 Ol4 22 2214 20 37 45 7 0 | 
Fort du Pilier, at the mouth of the| | N Ces, 7; 
eie . 47 2 29/4 42 204 40 300 1 50 7 20 
=  Ulkant Light-bouſe . = 45 28 3017 24 3307 $1 45] 23 Fir 28: 

The ae difference between Straſbourg and Uſhant | 5 4 20 16 

The leaf difference ' + = „ 419 17 36 

The mean difference: FEET Fr nr £4121 18 2 


With Hurd to the Jongirudes_ in the -pirceding table, i it is 
only neceſſary to obſerve, that the two books of 1744 and 
1783, ſo often quoted, are not always conſiſtent with each 
other, and both do ſometimes diſagree with what has been 
placed on the margin of the map of France. It would ſeem, 

that in the Deſcription Geometrique a ſcale for degrees of lon- 
; gitude has been uſed conſiderably greater than that correſpond- 
ing with the ſpherical hypotheſis adhered to in the conſtruc- 
tion of the map, yet ſtill too ſmall for what we have found 
to be their meaſure in Kent, or that reſulting from their own 
operations in the South of France. But if a ſimilar mode to 


| that which they practiſed with {0 much ſucceſs i in the South | 
had 
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had been employed in the North of France, the ſame ſort of 
reſult as we have obtained in Kent would probably have been 


the conſequence; in which caſe it cannot be doubted, that the 
ſpherical hypotheſis would have been entirely rejected, and their 


lengths of degrees of longitude would have been ſuited to an 
oblate ſpheroid, whoſe degrees of the meridian and of great 


circles perpendicular to it had nearly the proportion to each 


other of 60840 to 61239 for the middle latitude between 


Greenwieh and Paris, being an exceſs of 399 fathoms on each 
degree in the longitudinal direction. 


On the whole, therefore, as matters ſtand at preſent, it is 
ſufficiently obvious, that, in the total extent of the kingdom of 
France from Strafbourg on the eaſt to Uſhant on the weſt, the _ 
difference between the old and new longitude amounts to be- 5 

| tween 17 and 20 ſeconds of time; that is to ſay, the real dif- 

5 ference between the meridians of thoſe places, it is preſumed, 5 


will not be found by future obſervations rents on the occultations 


of the fixed ſtars, to be ſo great as it was formerly ſuppoſed to 


be by that quantity, or ſomething approaching 1 it very nearly, 


ArT. XVI. The obſervations of eclipſes cannot be depended upon 
for determining with ſufficient accuracy the Ame of lon 5 . 


tude i in vicinal ſituations. 


Finally, with regard to differences of longitude, it may = 


be improper in this place to remark, that, in vicinal ſituations, 


ſuch as Greenwich and Paris, the eclipſes of the ſun and 


moon and Jupiter s ſatellites do not, in general *, give reſults 


= The reſult deduced by the Profeſſor 3 « the Univerſity of 8 
from the obſervations of the eclipſe of the ſun on the 3d of June, 1788, made 
at Greenwich, in company with Dr. MASKELYNE and M, DAR TER, as given 
in the Phil, Tranſ. for 1789, P» 58,18 an exception well worthy of notice. 


ſuffi 
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ſufficiently near the truth to deſerve even the name of an ap- 
proximation. This will inconteſtably appear by comparing 
the aſtronomical reſult produced in that way with ours ob— 
tained by actual meaſurement on the ſurface of the earth, and 
angular obſervations of the pole-ſtar. Thus, by taking * 
mean of a multitude of the beſt of theſe obſervations of 
eclipſes, &c. collected and corrected with great care for the 
purpoſe, the difference in time between Greenwich and Paris 
amounts to 9“ 30% *, inſtead of being only 9“ 19” nearly, 
which our operation makes it. Now, if the difference in time 
between theſe two Royal Obſervatories was really ſo much, the 

degree of a great circle perpendicular to the meridian in theſe 
latitudes (515 6” 50“ that of Goudhurſt, or 51* 1' 48” that of 
the point M, it matters little which of the two is taken) 
would be between 1200 and 1300 fathoms ſhorter than the 
degree of the meridian in the ſame latitudes. Hence the 
earth, inſtead of being an oblate ſpheroid conſiderably flat- 
tened at the poles, would be one extremely prolate, in propor- 
tion with regard to the former figure of more than three to 
one, or between 1200 and 1300 - to about 400 +. N 
In remote ſituations, ſuch as Europe and 3 Europe 
and the eaſtern parts of Aſia, ſeparated from each other by 
wide oceans, the differences of longitude can only be obtained 
by means of aſtronomical obſervations. And as theſe will 
always be liable to ſome error, which may be as great on a 
difference of one or two, or a few degrees, as on the whole 
1800, it is ſufficiently obvious that, to render the effect of ſuch 


* From Dr. MasKELYNE's Paper of 1787, Phil. Tranſ. p. 183. it appears, 
that the eclipſes of the 1 ſatellite of Jupiter give immediately for the difference ; 
of meridians of the two Obſervatories 97 30%, without being computes with 
obſervations made in other parts of Paris. 


error 
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error as ſmall as poſſible, occultations of fixed ſtars ſhould only 
be made uſe of, for obtaining conclufive determinations. 
In vicinal ſituations, the next beſt mode to angular mea- 
\ ſurement is no doubt that of marking, by means of well- 
regulated clocks, as was done in the South of France, the 
repeated inſtantaneous exploſion of light, obſerved at ſtations as 
far diſtant to the eaſtward and weſtward of the place of explo- 
ſion as the circumſtances will permit in practice, theſe diſtances 
having been for the purpoſe accurately ſettled by trigonome- 
trical operation. The preferable ſtations for experiments of 
this fort will be pointed out in the concluſion to the preſent 
Memoir, „%%% 5 . 
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Stations. * ben. Bearing or | Direct Diſt. 
from the Merid. | from the Perp. | Ang rom the G from 
| f Greenwich. to the Merid. | _ Meridian. _ zreenwich. 
E : 5 e | ; ; 55 | 
Gramvich R. Ob. Tranſit Room Mr PL SI IK as 6 (T0 MIS 2 E 
5 { [Norwood . = - - - 19306.54 _ 24003.80 38. 7.10 [SW | 31274- 48 
= Hundred Acres - OT - 43333. - 50937.9 | 40.23.18.5 SW | 66876.73 j51 
{Weſt from |] [Hanger Hill Tower - - 07740.09 | 10729.21 255 7. 40.2 NW 6975.8 u 
| Greenwich Hampton Poor-houſe 383086. 16 1853/08 % 3]SW 85129.1 1 
1 | A King's Arbour _ - . Et” 102264.55 1037.69 Ba. 199 7.7 NW 1022609.8 51 
St. Ann's Hill „ ‚ͤ -ö!nxk + 28855 77 76.24.55. 7 SW 122840.6 5 
\ Wardrobe Tower of Windfor Caſtle e 1490086 -- 2562.72 85 43˙5 NV 137074. 5 
En Botley Hill . N 25 - 171.6 72882. $: | O., 8. 5.0 SE | 72882.) 5 
5 eee Caſtle on Shooter's Hin - 14032.3 4009.8 73.49.34 SE 14610. 68 51 
P V 62342.5 138400. 4. 24.14. 23.68 E 151848. 
Wrotham Hill 7 MS 2, oe Ty $9325-0 | $0.27.48.5| SE | 93164.6 61 
|  |[Goudhurſt Cr OW ons 1 ny 132592. 38 43.50. 1 SE | 169968.8 |; 
| [Fairlight Down Go ie OM - | 143308.1 | 218611.5 33.14.46.8 SE 261396.7 
Hollingborn Hill „„ — 151078. 1 77%  |62:58-12.2 8E 1696041 
_ | [Fenterden — - „ „%% ee7.0 148567. 46. 49.11.44 SE 217109.7 
1 JJ ͤ =. — [ 204801.0 149410. 3 ECM SE | 253509.0 55 
1 Lydd V — - 20 = 190695.» | 47-40.0 | SE | 283174.5 - 0 
Eaſt rar 0 Ka o 8 B34 5's " 144032. 3 | $6.46443.5| SE 3 51. 
Greenwich High Nook near Dymchurch - — | - 2282464 - 165672, 9 * | $4 133-4 SE 282035.3 5 
, Padleſwortli „ — - 201707.0 130030.4 | 63.20.16.8 | SE | 292590.2 
| Swingfield _ - . * 273722. 118730.9 6.33.2 8E 298364. 1 51 
| I [Folkſtone Turnpike - I 1371142 | | 63.28.47.6|SE | 30730243 51 
| | Dover Caſtle, north Turret of the Keep - | 303706.8 124319. 67.44.34 | SE | 328222 51. 
= 1 Montlambert near Boulogne — . 382889.6 273450. 3 87 27.59. 4 SE | 470509-8 
| Blancnez - = - — 39489 1.7 :197.153-5 | 03.28.83 SE 441371.) 50. 
IN. D. at Calais — - | 427456.6 . . 184263-3 . | 66.40.50.2| SE | 465480.5 50 
| _ | [Point M near Dunkirk, Merid. R. ob. Keri 538048. 2 15495 8.2 73.50. 7.2 SE | 559912.8 
IE 3 D „ 285 2 5 152549. “l 5.2) SE 507929.4 
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| — Diltances oy Feet, Bearing or Direct Diſt. Ws 
from the Merid. from the Perp. Ange fin me G from Lat 
of Greenwich. | to the Merid. wh ME : 1 ; 
i e, ö 
. 8 . 8 . . 8 Þ * „ 54 . 9 32 4 0 51.2 
19306.34 24603.86 38. 7.16 |SW 3274.48 51.2. 
13333.9 | $0937.9 | 40.23.18.5 SW 668 76.73 51.20 
67740. 0 16 729.21 | 76. 7.40. 2 NW 69775.8 61.3 
8 3086.16 18 537.98 77.25. 20. 3 8W 85129.1 61.2 
102264.55 1037.69 | 89.25. 7. NW 102269.8 51.20 
I119404.04 288 52.77 76.24.55.) SW | 122840.6 51.2 
137050. 54 2502.72 | 88.55 43.5 JN 137074-5 51¼2ʃ 
171. 6 72882.5 O. 8. 5.6 8E 72882. 1 
14032. 3 4069.8 | 73.49.34 SE 14610. 58 51.2 
62342.5 | 1384604 24.24.23.6 8E 151848.2 51. 
71850. 3 509305. 8 50. 27.48.5 SE | 93104.6 51.1 
1063425 132592. 38 43.50. 1 SE | 169968.8 1. 
143308. 1 218611.6 33. 14.406.8 SE 261396.) 50. 5 
151078. 1 7707.6 62.58. 12.2 SE 169604. 1 61.1 
158317.0 | 1485067. 46.49.11.4| SE | 21710947 51. 
204801.0 | 149410.3 53-53-16.3| SE | 253509.0 jgi. 
209339. 3 190695. | 47.49.6 | SE | 283174.5 50.5 
219926. 3 144032.3 56.46.43.5 SE | 262893-3 51. 
228246.4 | 16567249 54+ 133.4 SE 282035. 3 5. 
26 1707.6 1308 30.4 63.26. 106.8 SE 292590. 2 51. 
293742257 11870 66.33.2 | SE 298364. 1 51. 
274967˙3 1372142 | 63.28.47.6|SE | 3073023 5. 
303766.8 124319˙ 67.44.34 | SE | 328222 51. 
382889. 2273450.3 54.27.59. 4 SE 4705098 50.4 
394891.  197153-5 | 63.28.8 SE 441371.) 50.8 
427450.6 | 184263.3 65.40. 50. 2 SE | 465480.5 50.8 
538048. 2 1549382 73.56. 7.2 SE 5599128 51. 
547050. 6 152549.1 74.25. 5 SE 82229 4 51 
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"Y 1 | | | Longitude: Vertical Heights, 

| Latitude 8 n, | 
= | : Ground Teleſed e . 
3 aer Ke. i in imer. above the Sea, e eee Eg and 
DH CORRS RR Ae - Peet. 
51.28.40 5 „ 170.5 43-5 
48 51.24.37. 34 O. 5 2.4 O. 20. 9.6 ; 380.3 . 9.2 
7351.20. 17.3 5 0. 11. 19.5 0.45. 18. . 9.2 
8 \51.31.24.16 | © 17-40.5 1.11. 6. 3% 38. 
I |51.25.35.2 || O+e21.45-3 1:27 1.3 63.0 - 97.05: 
8 51. 28.47.16 | 0.26.48-5 1.47.14. 94.8 37-5 
5. 51.43.51. 4 01-1447. | 2: 4-888 W123 7- 20:7 - 
5 |51:28.59.7 || ©. 885 i 1 
7 51.16.41. 54 | - 8 O 2. * 0 0.10.8 35 850.3 20.7 5 
5851.27 59.8 0. 3.40.65 © 14.42. 6 417.8 — 
2 61. 5.53.09 0,16. 12.5 f. 4.50. 604.1 54.9 
6 51. 18.53.86 0.19. 12.3 | 1.106.49.2 7018 „ 
8 51. 6.49.02 0. 27.39.48 1.0.37. 437-9 59-1 | 
7 50. 2.38.84 - 0.37. 85. 2.28.20. 539.5 MY 
1 |$1.15.53-5 | 0.39425-2 | 2.37-40.8 611 "TW 
7 51. 4. 8.15 0.41. $.15 2.44. 32.6 220.6 101.7 
651. 3.54-9 || 0.53˙12.6 3.32.50. W 
5 50.57. 7:4 || 0454154 337 1 . 
3 51. 4.46.1 0.57. 9-4 | 3-48-37.0 323·˙5 5˙5 
3 [CT 1.11.7 O. 59.140 3.50. 58.4 1 7 
1. 6.0.0 1. 4.32. 30 621.3 20.7 
I (51. 8.47.8 1.11.14. 4.44. 58.4 4731 50.9 
3 51. 5-45-3 || 1-11-29-3 4 45: 2 4 509.8 „ 
651. 7.47.7 1.19. 21 5˙1 $4 37349 95-1 
8 50.43. 2.3 | 138.45. Sik . 639.5 
7 50. 55.31.3 1.42 17-9 | 6.49.11.6 | 444-5 
5 50.57. 30.07 1.50-48.8 | 9.23-156.8 | 140.5 
8 51. 1.483. || 2-19-42+5 | 9.18. 50. 
93 | 9. 28. 16. 
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The meaſured Are between Paris and Dunkirk is taken a Mean between 8 and 125495 Toiſes, or 133770 and 1 


e 8 o | 171 ol if Pts. 5 5 | 5 — 1 
. Rl. Ob. 51 28 40000 5 „„ 
8 142 415200 j 185 48000 8.78 534343. 8 535848. | 535758. 
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the Trigonometrical Operation. 


SECTION SEVENTH. 


An Account of the obſervations made > ON the courſe 7 the 
 Irigonometrical OY for the determination of terrefirial re- 


fraction. Plate X 


Anrier I. Preamble. 


ASTRONOMICAL refraction, or that which the rays of 


light ſuffer in paſſing from the heavenly bodies to our earth, 
| hath, by the inveſtigations of different philoſophers, been nearly 
aſcertained, From the theory of dioptrics, as well as expe- 
| rience, it bath been proved, that the rays, in coming from 2 
very rare into a very denſe medium, are gradually bent down- 
wards, out of their rectilinear direction, into lines more or 
leſs curved in proportion to the angular diſtance of the objects 
from the zenith, where obliquity ceaſing, refraction ceaſes 
| likewiſe; ſince from that point light takes the ſhorteſt route 
through the refracting medium to the eye of the obſerver. 
Hence it follows, that the apparent altitudes of celeſtial ob- 
jects are greater than they otherwiſe would be by the quantity 
of this refraction, which 1s greateſt at the horizon, OR 
thereto 3 Um1/h | 
Ih be late Dr. BRADLEVW from his experience has ben, that 
in the mean ſtate of the barometer taken at 29. 6 inches, and 


of FauRENHETT's thermometer at 50, the refraction at 45? 
of altitude is 57” (according to Dr. MASKELYNE only 563). 
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In other ſtates of the atmoſphere, it varies with the height of 
the barometer, and inverſely with that of the thermometer 
| augmented by the number 350 to the number 400. 
It is thetefore obvious, that terreſtrial objects as well as 
celeſtial, muſt ſuffer a refraction greater or leſs, according as 
they are leſs or more removed from the horizon; ; and that ſup- 
: poſing celeſtial refraction to be perfectly aſcertained, the mea- 
ſure of the lower part of any of its curves, co-inciding with 
a particular object on the ſurface of the earth, ſhould give the 
quantity by which the apparent altitude of that object would 
exceed its real altitude, or what would be its angle of eleva- 
tion, if no ſuch effect as refraction did exiſt | in nature. 

The inſtrument made uſe of in the triangular operation was 
Sti well oalculated, as will be remembered from its 
deſcription, for meaſuring with much exactneſs ſmall angles of 

elevation or depreſſion, and conſequently was in that reſpect 

very fit for the purpoſe, if the multiplicity of other buſineſs 
we had on our hands at the time had permitted refraction to 
become a primary, inſtead of being only a ſecondary object. 
This will readily be conceived by thoſe who have any idea of 
the trouble of conducting, eſpecially at a late ſeaſon of the 
year, an operation of the nature of that in which we were 
engaged. Along with the lights on the French ſide of the 
Channel, we had by day as well as by night our own inland 
obſervations to attend to; the very circulation of orders to the 
men poſted at the different ſtations from twelve to fifteen 'or 
twenty miles off, in different directions around the horizon, 5 
when any part of the arrangements failed, ſo as to render a 
repetition of lights an was not a matter of ſmall 
detall. it = 


But 
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But beſides the important buſineſs of the triangles, which 


engroſſed almoſt our whole attention, it is ſufficiently obvious, 


f that, 1 in order to have been enabled to make concluſive obſerva- 
tions, the relative heights of the ſtations ſhould in ſtrictneſs 
all have been aſcertained by levelling :. for purpoſes of this ſort 
geometrical determinations, however good in other reſpects 


they may be, ſhould not here be admitted, becauſe they in- 


volve the very point in queſtion, that is, the height, which 
ſhould be obtained independently of angular meaſurement. 


Beſides barometers and thermometers at both ſtations, two ob- 


ſervers and two inſtruments of the ſame kind would have been 


neceſſary, for taking at the ſame inſtant the reciprocal angle of 


elevation and depreſſion *. 


Although, therefore, in our ſituation the circumſtances did 
ab admit of concluſive obſervations on terreſtrial refraction, : 
_ conſidered either by the mean or its extremes; nevertheleſs, 
ſince in a variety of cafes angles both of elevation and depreſ- 
ſion were reciprocally obtained at the ſame ſtations, but at dif- 
ferent times, it is hoped, ſuch new light will be thrown on the 


* Dr. MASKELYNE, in a letter that 1 lately received from him, remarks, that it 


would be of uſe to have a perſon to note the thermometer at the object as well as at 
the ſtation of the obſerver, whereby (if niceties of this fort were of conſequence) 
the refraction might be more accurately computed hy the application of a new cor- 


rection. Thus, calliog h of the are of diſtance; þ=the ORE of - 
10 | 


the uniform atmoſphere ; Ye. the difference of the each at the two 
ſtations ; ; x=the difference of altitude of the two ations above a common level; 


rth 
40 


the correction would then 3 


be rt ) according as the thermometer flood lower or r higher at the upper 
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g 3 maatter 


r Tg rd A i wr A 


3 and the true or whole refraction would 
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matter as may poſſibly hereafter lead to further inveſtigations 
of this curious, but at preſent vague and indetermined ſubject: 


for from theſe obſervations it will appear, that terreſtrial re- 


fraction, inſtead of being th of the comprehended are, accord- 


ng to M. BoucGuER, th according to Dr. MASKELYNE, 
th according to M. LamsRrm, varies from 4 to th part 
of that arc; and perhaps, if it had been poſſible for us to have 
tried it on heights conſiderably more elevated, we ſhould have 


found it almoſt wholly to vaniſh, 


aur. IL | Relative brights. | 


| Before we commend to give any account of the obſerved angles 
of elevation or depreſſion, at the ſtations reciprocally, for try- 
ing the quantity of terreſtrial refraction, it will be proper to 
call to remembrance, that, in the meaſurement of the baſe on 
Hounſlow Heath, the mouth of the pipe at Hampton Poor- 
| houſe was ſhewn to be elevated about 60 feet above low-water 
ſpring tides at the ſea, as far as could then be determined by 
referring it to the ſurface of high water at Iſleworth ; and that 
the extremity of the baſe near King's Arbour was found by 
. levelling to be higher than the former end by 31 feet 3 inches. 
Ihe mouth of the pipe at the ſouth-eaſt end of the baſe of 
* at High Nook near Dymchurch, in Romney Marſh, 
_ Lieut. F IDDEs found by levelling to be above- lar. water mark 5 


at ſpring tides 22.1 feet. 


The top of the parapet of the north turret af the Kin of 5 
Dover Caſtle was found by Lieut. Hay, of the Royal Engi- 
neers (by levelling from the top of the cliff at Queen Eliza- 

beth's gun eee, and adding to that the height of the 


. e 
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ground and Caſtle above the ſaid gun) to be 465.8 * feet above 
low water at ſpring tides. Having alſo meaſured a baſe for the 
purpoſe, he determined the height of the cliff geometrically, 
which agreed within lefs than a foot of the reſult by levelling. 


In juſtice to this very meritorious Officer it is incumbent on me 


to ſay, that not only on this occaſion, but on every other during 


the progreſs of our operations near . his aſſiſtauce was 


moſt eſſentially uſeful. 


The height of the ball of St. Paul's above the Thame at 


Paul s Wharf, and the height of Shooter's Hill Inn above the 


Gun Wharf in Woolwich Warren, were leverally determined 


in 1773, at which time the experiments were carrying on for 


the purpoſe of finding a theory for the meaſurement of alti- 
5 tudes by the barometer. 


Ihhe height of Severndroog Caſtle, lately built on Shooter's 
2 Hill, has ſince been deduced from that of the Inn, | 

Laſtly, the altitudes of all the intermediate ations, as 
_ expreſſed in the three colums towards the right hand of the 


general table of reſults, placed at the end of the preceding 

ſection, have been eſtabliſhed by the reciprocal angles of eleva- 
tion or depreſſion, gradually carried on from ſtation to ſtation, 

throughout the whole ſeries of triangles, whereby the two 
extremities are connected together; and no greater uncertainty ' 

| has been found at Hampton Poor-houſe than a few feet, occa- 
ſioned no doubt bythe uncertainty of terreſtrial refraction: for it 
is to be remarked, that, to the weſtward of Greenwich, no double 
but only ſingle obſervations were obtained; wherefore, the 


* Sir Tyomas Hype Pack, when engincer at Dover, at my requeſt, had been 


ſo obliging as to order his workmen (he himſelf being ill at the time) to deter- 
mine the height of the turret of the Keep, which, by a miſtake of about nine 
feet in the height of the cliff, they made 475 feet above low-water mark, 
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relative heights of theſe ſtations have been determined by taking 


th of the arc of diſtance for the effect of terreſtrial 
: refraction. 


ART. III. 3 7 beorem. 


Let C (Plate X. fig. 11.) be the center of the earth OY 
dered as a ſphere; Ss the ſurface ; Hb two places at the ſame 


height above the ſurface ; HO the horizontal line, or apparent 
level at the place H; and ho the horizontal line, or dpparent 


level at the place h; alſo, let Cm biſe& the angle at C. 


Then, becauſe the angles mHC and mnH are right 


ones, the angle mHn, or mhn, is equal to the angle mCH 


or mCh; that is to ſay, if two places H, 5, are of equal 
bleights, the one as ſeen from the other is depreſſed below the 

horizontal line of the place of obſervation, by an angle equal 

bi half of the arc of the great circle contained between them, 


” - half the angle at C. Hence it follows, that any diſtant 


: object 1 1s higher or lower 8 the place of obſervation, accord- 
ing as the depreſſion is leſs or greater than half the contained 


arc, ſuppoſing no ſuch effect as refraction to exiſt in nature. 


ART. IV. Determination of the reſrafiion betrween Dover Caf le 


1 and Folkflone Turnpike. 


Let D (fig. 12.) be the place of the axis of the teleſcope =. 
the north turret of the Keep in Dover Caſtle; T the ground at 
the Nation near F olkſtone ee 4 DO the horizontal line; | 


and SE=CD.. 


The diſtance of the ſtations f is 31554. 6 fret, Shieh, kina 
the obliquity of the direction into ads ag gives 61188 


fathoms= 15 3 and ny iy 1 4 for the length of t 


< containeu 


the Trigonometrical Operation, ba 
contained arc of diſtance nearly, one-half of which, or 2 34% 7, 
is is equal to the angle ODL. 

At the ſtation D, the ground at T was, by obſervation, 
elevated 9 
ODL=2' 34%, we have for the angle TDI, 11“ 110 7. 
Now, if the diſtance of the ſtations be taken as radius, the 


lines TO, TL, &c. will be nearly as the tangents of their op- 
poſite angles; therefore the augle TDL, with the diſtance 
315 54.6 give TIL = 102. feet, or what the ground at the ſta- 
tion T would have been higher than the axis f the teleſcope 


at D,, if there had been no refraction. 


But the axis of the teleſcope, when at the ſation T- was 
5. 5 feet above the ground ; therefore 102. 7+5-5= 108.2 feet 


would be the height of the axis at T above the axis at D. 


Now, let T (fig. 12.) be the place of the axis of the tele- 
3 when the inſtrument ſtood at Folkſtone Turnpike; D 
the top of the parapet of the north turret in 1 * of Do- 


ver Caſtle; TO the horizontal line; and CL 


At the ſtation T, the parapet of the turret was obſerva- 
tion depreſſed 14 07 5 = OTD, from which ſubtracting half 
the arc of diſtance 2' 34”.7, there remains for the angle LTD 
"RE 4.2 8. This laſt angle, with the former known diſtance, 
give LD= 107.5 feet, or what the parapet was lower than the 


axis at T, if there had been no refraction. 
But the axis of the teleſcope when at D was 3. 2 feet above 


the parapet; hence 107.5 32 2 104.3 is what the axis at D 


would be lower than the axis at T. 


In this caſe it is evident, that half the ſum of 108.2 and 


104.3, or 106.25 feet, is the difference of the relative heights 
of the axis at the two ſtations by a mean refraction; and that 


this mean refraction is ſubtended by half the difference, or ; 


108.2 2 


equal to the angle TDO, to len adding 


1 
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108. — 1.95 feet. Hence, as the diſtance = 31 5 54-6 : 
rad :: 1.95 : tang. 12.8 the mean refraction. 
For ſuppoſe 7 (fig. 12.) to be the true place of the ground, 
then the elevation TDO = the refraction = T Dy, or 8“ 37” — 
12/8 28“ 24/2 the angle DO; therefore DO ODL 
10% 58/9 DL; whence ?L= 100.8 feet, to which adding 


5.5 feet, the height of the axis above the groun . 


feet, the height of the axis at T above the axis at D as before. 
Alſo, if d (fig. 1 3.) be the true place of the parapet, we ſhall 
have the depreſſion the refraction, or OTD + nl = OTd= 14 2 
39.3, and OTd— OTL, or 14 30%¼.3 — 2 34” 7 =11 55”,6 
= the angle LT9. Hence, Ld= 109.5 feet is what the para- 
pet of the turret would be lower than the axis at T, from 
which taking 3˙2 feet, the height of the axis above the para- 
pet, there remains, as before, 106, 3 feet, for the difference of 
the heights of the two ſtations. „ 
The axis of the teleſcope in Dover Call being Feet. 


above low-water ſpring tides ee e 0 
To this add the height of the axis at the Bo 
| turnpike above that at Dover — 1 106.3 . 


We then have, for the height of the axis at the 
| turnpike above low water, nearly 13 00; us 57 5-3 


And 50 9” 4 the contained arc of a Seat elects or arc of 
diſtance being divided by 1277.8, the mean refraction at the two 
Nations, we have in this iuſtance about , 1 10 par? Me the quan- 


3 1 f 1 e. 1 . 


Arr. 
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4 r. v. | Refractim on the d. ance between Dover Caſtle and 


Calais. 


Let D * 14.) be the place of the axis of the teleſcope, 
on the north turret of the Keep in Dover Caſtle, as before; 
G the top of the great baluſtrade of the ſteeple of Notre Dame 
Church at Calais; DO the horizontal line; and CLS SD. 
The diſtance of Dover from Calais by the triangles is 
137450 feet, which, allowing 61169 fathoms for a degree, 
gives 22' 28”.2 for this length of the contained are nearly; 
half of which 11” 14”.1 is equal to the angle ODL. 

Ws | height of D above low water at ſpring tides, 


as C 5 1 feet. 
The height of G is e „ i 
Therefore the difference i 8 1 Cs, = GL. 
: Then, as 137450 e rad 2: 2 328. 8 tang. {al 13=LDG, 


To which ing che n OD „ 14.1. 


We have 0 ; _— 19 27. 1 for the | 
angle ODG, or what G would be . below the place of 


obſervation, if there was no ſuch effect as refraQtion. But the 
depreſſion by obſervation was found to be 17” 59“; wherefore 


the difference is 1' 28“. 1, by which, dividing the length of 


the arc of diſtance 22“. 28“. 2, we have in this in/lance 1 5.3, or 


between de and art fart, for the 3 of terreſtrial 


refrattion. 


AR 1. VI. Refradtion on the di Nance between Allington Knol and 
Tenterden, 


ba K (Sg. 15.) be the place of the axis of the teleſcope at 


Aten. Knoll; T the top of the flag-ſtaff on Tenterden 


8 0 Steeple; 
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| Steeple; SC the hits ſurface; KO the horizontal line at 

right angles to KC; and SL = .. 
The diſtance between Allington Knoll ind Wan en has by 

the triangles been found to be 6177 5.3 feet, which, allowing 


61234 fathoms = 1* gives 107 5”.3 for the length of the con- 2 


tained arc CS nearly. Half of this arc = 5 2½%.6 is the angle 
OK l., from which ſubtracting the obſerved augle of depreſſion 
of T as ſeen from K=OKT = 3 51”, there remains the angle 
_FKL=1' 11.6, and conſequently this angle will be ſub- 
tended by 21.4 feet LT, or what the top of the flag-ſtaff at 
Tenterden would have been higher than the axis of the tele 


0 ſcope at the Knoll, if there had been no refraction. 


But the top of the flag · ſtaff on Tenterden ſteeple v was 3. 1 


feet higher than the axis of the teleſcope when the inſtrument : 
ſtood at that ſtation ; therefore, 21.4 3.118. 3 is what the 


axis at Tenterden would have been higher than the: axis at the 
Knoll, if there had been no refradtion. 
Again, let T (fig. 16.) be the plape of the axis of the le 
ſcope on Tenterden Steeple; K the ground at the ſtation on 
Allngton Knoll; TO the horizontal line; and CLS STI. 
At the ſtation T, the Jeppe nen of the ground at K, or . 
ge OTK, was obſerved 30 55”, which being ſubtracted from 
1 5 2/6 OTL half the arc of diſtance, there remains + 
127% 6 Sthe angle KTL. This laſt angle, with the diſtance 
between the ſtations, 61775. 3 feet, give KL 26.3. feet, for 
what the ground at K would have been PF than the axis at 
7 Tenterden, if there had been no refraction. Pp 
But the axis of the teleſcope, | when at the tation K, 
was 5. 5 feet above the ground; therefore, 26.3+ 5.5 = 31.8 is 
what the axis at the Knoll would be higher than the axis * 
Tenterden. | 54 8 5 TP, 


7 — En Hence © 


the Trig onometrical Operation. 23s - 
"Hewes it follows, that ſuppoſing the refraction to have been 


the ſame at each of the ſtations when the obſervations were 


rnade, half the difference of theſe heights, or 2” — . 6.7 


feet, would be the difference between the relative heights of 
the axis at the two ſtations ; and that the quantity of refrac- 


tion would be ſubtended by half the ſum, or gn clas * 83 25.0 * - 


feet; therefoie, to find the mean reſraction, as the diftaizcs of 
the ſtations : rad. : 25.05 feet: ns 15 231 the mean 


refraction. 
For ſuppoſing 7 (fig. 15 3 to be ths true place of the top of 


the flag-ſtaff, we ſhall then have the m_ OKT the een 5 


the angle TK: the refraction, or 351 “/ 123/18 50 145 


| 1 a OK. Hence the angle OKT - the angle OKL = 


5 14/15 2", 80 11%. 9 S the angle LEkT. Now, this laſt 

. with the diſtance of the ſtations 61775. 3, give L? z. 6 
feet, or what the top of the flag ſtaff at Tenterden would be lower 
than the axis at the Knoll; and this being added to 3. 1 feet 
(what the axis at Tenterden was lower than the top of the 
flag - ſtaff), we get, as before, 6.7 feet for the height of the 
axis at the Knoll above the axis at Tenterden. 


In like manner, ſuppoſing # (fig. 16. ) to be the place of the 


ground at the Knoll, we have the ſum of the depreſſion and 


refra&tion, or OTK +KTt=3" . 23”4= 24 58%. 


Or; and OTL - OTIT = 57 2,64 58“ S 4% 1 the 
angle TL. Hence, 4¹ 1. 2 feet is the height of the ground 


at the Knoll above the axis at Tenterden, which being added 
to 5.5 feet the height of the axis at the Knoll above the 
ground, we have as before 6. 7 feet for the difference of the 
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Feet. 
The height of the axis of the teleſcope at Allivigtvi . 
Knoll above low-water mark at ſpring tides, as deter- 
mined by the obſervations there, and at the ſtation „ 
High Nook, is . àFwF . 329 
We, The axis on Tenterden Steeple has been ſhown 7 WO 
lower than the Knol! Ts bo I At 6% 
| | eg the axis on Teuterden Steeple. is higher * 
than low water | - Fe -0 3 323 3 


19 The arc of diſtance; of the two ſtations = 100 55 5: being 
vided by 17 23“ the mean refraftion, we have in this caſe 
7's, or between *th and 7th part for terrefirial refraftion. „ 

The example in Art. IV. and this laſt are given at large, : 

becauſe, if the points where the axis of the teleſcope was at the 

reſpective ſtations had been obſerved, i in the firſt, one would 
have been a depreſſion, and the other an elevation ; but i in this 
both would have been depreſſed by obſervation. 


An r. VII. General Remarks. 


The three preceding examples being ſufficient to thew* the 
5 mode that has been invariably adhered to in computing the 
effect of terreſtrial refraction, we have, in the following table, 
collected the whole of the reſults together, beginning with 
thoſe diſtances where it has been found the * and ending 


with theſe where 1 it has been found the leaſt, 


The titles at the tops of the columns reſpeQively fully "+ 
plain the nature of the table, which contains more double ob- 
ſervations, made on a greater variety of very accurate diſtances, 
and with a better inſtrument for determining ſmall angles of 
elevation and depreſſion, than Perhaps were eyer obtained be- 
2 | _ fore. 


* 
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fore. Theſe reſults are not however offered as being free from 
error; on the contrary, if the circumſtances had permitted this 
to become a principal object in our operation, the ſucceſlive 
repetition of the obſervations for many times would, no doubt, 
have furniſhed ſtill more ſatisfactory concluſions. It i is hoped, 
"nevertheleſs, that theſe, ſuch as they are, may have their uſe, 
were it only by ſhewing the variableneſs of terreſtrial refrac- 
tion, to induce to the making of others, which, as has been 
already obſerved, would ultimately lead to a much more mi- 
nute inveſtigation of this curious and intereſting ſubject. 
- The heights of the barometer and thermometer are inſerted 
on the days on which the obſervations were made, merely to 
ſhew what was nearly the ſtate of the atmoſphere at the reſpec- 
tive times. But we have not attempted to apply any correction 
on that account, becauſe it could not be done in a ſatisfactory L 
manner, and conſequently could not be uſeful, unleſs the cir- 
cumſtances had permitted reciprocal obſervations to have been 
made at correſponding times with double ſets of inſtruments, 
| which in our ſituation was impoſſible. 
5 attending to the reſults in the table, it will in general be 
ſeen, that terreſtrial as well as celeſtial refraction certainly di- 
miniſhes as the heights of the ſtations above the ſea increaſe; . : 
and that, at particular times at leaſt, it is much greater than 
has hitherto been ſuppoſed, even to between 4 and part of 
the arc of diſtance, inſtead of being only ith or Yrth part. 
Beſides the inſtance of this extraordinary effect inſerted in the 
table, between Allington Knoll and Ruckinge, where the diſ- 
tance of the ſtations is but ſmall, and one of them little 1 1 
higher than the ſea, we could have given another on a diſtance 3 1 | bi 
as well as on heights ſtill more conſiderable, namely, Shooter's 


Hill aud the ball of St. Paul's Church: for, ſuppoſing the 
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| 5 firſt to be 482, * the laſt 493 feet, above low water at the 
Hr ſiea, the refraction on the morning of the iſt of September, 
; 1787, as obſerved at Shooter's Hill, was 1” 47”, V1 is . 

tween id and Ath part of the contained are. ba 

If the circumſtances had permitted the been on the 

diſtance between Dover and Calais to have been repeatedly 

tried, at the bottom of the cliff, at the top of the cliff, and 

— at the . of the y we ſhould uch, have and 8 1 


ern 


the ſame ah of arc, or one np x varying nlbaGhiy. . 
But, in order to be enabled to make concluſive obſervations 
of this ſort, the operation ſhould become a diſtinct one, or at 
moſt only comprehend ſuch others as are connected with the 
modifications of the atmoſphere. For purpoſes of this kind 
very fine levels would be requiſite; and ſome of the higheft 
mountains of Scotland, ſituated near the ſea, ſuch as Ben 
Nevis and Cruachan Ben, where the relative heights of the 
ſtations might be accurately aſcertained by * would 
ſeem to POE 3 1 5 
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- ' TaBLE containing the RxesvLTs of the OnsxxvaTrIons for the 
| Dates of the HE SM EY ER 
1 Gu 1 Places. _— CO] N LETT . 
1178 oa. 21. Allington Knoll = 29.61 56 
2 I 2, Allngon NNE "i. 82 811 } Allngion Knoll and a „ 
19. Dymchurch Inn | 29.9 551] High Nook and Ln 
ft 21. Allington Knoll | 29.61] 56 
| 10. [Dy mchurch Inn 8 5 „ } Atingron 1 Knoll and High N — 
21. Allington Knoll 29.61] 56 
= - 26. Tenterden In | 29.54| 306 r Knoll and Tenterden — — 
I. radlefvorm- . 29.6 | yo | Padleſworth and Lydd — — 
_ 3, hs 18. Frant Im += = 29.36 „ 
1 5 . 2 Botley y Bill e 14 oF } Frant and Botley Hill | — 8 
. 1 Sept, 28. Dover Caſtle RE 29.62] 884 |? OS 
| 200 hy 7 75 Gg. J. Pa dlefworth Fogg 29 6 | „ Dover Caſtle and Padlefirorth — 
13. Fairlight own | 28.81| * | : 
. 285. Tenterden Imm + | 29.54 | 583 ee Down and Tenterden jw 
Ts 286. Tenterden Inn 29.544 565 | Tenterden and Lydd „„FFFFVE 
„ I 0 Avi 11. oudhurſt Church ard 29.744 584 X ES ws 
788, 2 18. |Frant nn me 29.360 58 D Govanurt and Frant | 5 
ba, OR. 13. Fairlight Down - | 2883| 651 ' Fairlight Down and Lydd | e 
11788, Aug. 11. Gondhurft Church ard | 29.74 584 35 
a 787. OR: 26. Tenterden Inn Tus 29.54 503 } Goutturt and Tenterden — wp, 
22. |Allington Knoll — | 29.61] 56 | Allington Knoll and Lydd — — 
+ 1 28. Dover Caſtle 209.62 58 
| 1788, Sept. 2. |Folkſtone Turnpike | 29.55| 64 oe Caſtle and Folkſtone Turnpike | 
„ Rasur rt of sor OzEnvarions depending on the 88 of Dover Caſtl 
7 0D 5 1 Coaſt of Funes. 5 
: 1788, Sept. 2. | = — | 29.555 64 7 Tumpike and N. D. Church a 
1787, Sept. a8 | — — | 29.62] 583 Dover Caſtle and N. D. Church at Calais 
- Dh a 7 9 + | 29-55 8 12 Tete and Station at pom 
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1193990 | 
11027.8 : 


7 9062.4 | 


5259.1 


2675.4 ; + 
5227.1 
| 3864s | 7 
10296, F 


132555 | 


15060.7 
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7975. 
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Calle and Folkſtn Turnpike, combined with thoſe + on the 


at Calais 


at Montlam- 
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-hurch at Ca- | 
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$40.5 
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TABLE containing the ResvLTs of the OßskRVATTOxs for the 


Dates of the | 6k 1 3 
Obſervations. Places. Bar. Therm. 255 . 


11787, Oct. 21. Allington Knoll - | 29.61] 56 


| 23. |Ruckings = = 29.82 5 S N Knoll and Ruckinge — — 
| 29. Dymchurch Inn | 29.9 | 554 | High Nook and L)dl.— — 
| 21. Allington Knoll - | 29.61] 56 
19. Dymchurch Inn 29-9 1.56. } Allington Knoll and High Nook 5 
. It II 1 20.0 I b | | 
1 2 eee AE 8 5 5 J Allington Knoll and Tenterden — — 


4 33 „„ bs WE 


7. |Padleſworth - +- | 29.6 | 70 | Padleſworth 100 D,, 3 
1788, Au 18. Frant Inn -. » 1 29.20]: #- SE | 
IJ 6 23. |Botley Hill «- - 28.89 624 } Fran: and Botley Hill i ne DK, 
1787, Sept, 28. Dover Caſtle 29.62] 88 . 
| 7 8 G .. 7. Padleſworti - 206 25 | Dover Caſtle and Padlefworth e 
2 13. Fairlight DW) | 28.81] 551 1 9 
a 7 | 28. Tenterden Inn = 2954 - „ | Fairlight Down and Tenterden — 


3 26. Tenterden In — 29.54 564 Tenterden and Lydd _ 
1788, Aug. 11. Goudhurſt Churchyard | 29.74 584 
JW | = + |] 29.36] 58 
1787, Oct. 13. Fairlight Down | 28483] 563 
1788, Aug. 11. Gondhurſt Churchyard | 29.74 584 } 
11787. OR. 26. Tenterden Inn | 29.54 562 
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SECTION EIGHTH: 


Andy” triangles, ſubdivided into - etw fets, for the improve-. 


ment of the maps of the country, and the a 7 the "oo 7 5 
Tondon and 110 Environ. Plate * . 


IN the ſeries of gest ee ion the diſtance be- 
tween the meridians of the Royal Obſervatories of Greenwich 
and Paris has been determined, the ſame excellent inſtrument 
having been placed. at every ſtation on our fide of the Channel, 
and all the angles obſerved with the utmoſt care, it hath con- 
ſequently followed, that the baſe on Hounflow Heath, and 


that in Romney Marſh, reciprocally meaſure each other within 


a few inches of the truth, which is an inſtance of ſuch exact- 
neſs as probably never occurred in' any former operation of this 
fort. The extreme ſmallneſs of the error on the ſum of the 
three angles of each triangle ſufficiently proves that the ge- 
neral reſult would not have differed greatly, if only two of the 
angles had actually been obſerved. But in an operation of ſo 
much importance, this could not have been depended upon; 
nothing was to be left doubtful ; and therefore, in the execu- 
tion of the various parts, the moſt minute attention was paid 


do every circumſtance whereby the accuracy might be affected, 


and particularly to the placing of the lights and inſtrument 
reciprocally over the ſame point marking the ſtation, that no 


poſlible error might ariſe from parallax or excentricity. 
| From 


140 Ven. Rov's Account of 
From this mode of conducting the operation, it will 
readily be ſeen, that, if time had permitted, the fituation of a 
multitude of other points in the country might have been very 
accurately determined, beſides thoſe actually marking the 
points. of the triangles, whereby the ordinary maps would have 
been greatly improved by ſuch as choſe at any time hereafter to 
make uſe of theſe as ſo many given diſtances. But the circum- 
ſtances not having permitted us to multiply thoſe points to the 
extent that might have been wiſhed, and that would have been 
ceaſily practicable, if the operation had commenced at an earlier 
ſeaſon of the year; We have therefore been obliged to limit the 
number to a few of the moſt conſpicuous and beſt defined objects. 
| Theſe ſecondary triangles are ſubdivided into two ſets. The 
firſt ſet conſiſts of thirty-five, whereby the relative diſtances of ſo 
many points have been determined from certain ſtations of the. 
principal ſeries, beginning with thoſe objects that have been in- 
terſected from the moſt weſterly ſtations, and ſo on, proceeding 


gradually with the others towards the eaſt, Two angles only 


of each of thoſe triangles being obſerved, the third is that at 
the interſected object, or the ſupplement to 180%. Although 
the diſtances thus obtained cannot be quite ſo accurate as the 
ſides of the principal ſeries; yet there is no reaſon to appre- 
hend, that they will be found to differ widely from the truth, 
when they come to be proved in the courſe of any ſubſequent 
operation, by which alone they can be put to the teſt. 
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7 The Royal Obſervatory i in Richmond emer Park could not + be 5 from any 
of the ſtations of the great ſeries of triangles, except Hanger-hill Tower, from 
whence the bearing of it was taken. In order to interſect this bearing, the aſiſ- 
tance of certain operations made with the aſtronomical quadrant in 1783 at 
Spring Grove Houſe has been called in, by the help of which the ſituations of the 
Obſervatory and of Spring Grove Houſe have been determined. In like manner, 
the bearings of Batterſea and Stretham, taken from Hundred Acres, have been 
interſected with the quadrant from St. Paul's and Fulham. The ſtations where the 
quadrant was uſed are diſtinguiſhed with aſteriſks, „ | 
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In the Paper. of 178), ſufficient reaſons have 1 9 given 


bor avoiding St. Paul's as a ſtation in the ſeries of great tri- 
angles. Indeed, if no other objection had exiſted, the ſmoke 


of the capital alone would have been found extremely incon- 
venient. This was experienced at Shooter 8 Hill, where we 


Wer E 


the 7. rigonometrical Operation. 
were detained a whole week, before the white lights, notwith- 
ſtanding their extraordinary brilliancy, could be ſeen at Han- 


ger-hill ower, or even at Argyll Street, the north-eaſt wind, 
which then prevailed, having brought the impenetrable maſs 


of ſmoke between the ſtation of the inſtrument and the points 


to be obſerved; and at laſt we were obliged to watch all night, 


till towards the morning the fires of London being extin- 
guiſhed, the white lights could then be interſected. 


It is not therefore ſurpriſing, that from the ſtations of Nor- 


wood, Greenwich, and Shooter's Hill, we ſhould ouly be able 
to fix, in a ſatisfactory manner, two points in London, namely, 
St. Paul's and Argyll Street. Bearings, it is true, of others 


were taken; but that theſe might be interſected by angles not 

too acute, it became neceſſary to make uſe of obſervations that 
had been formerly obtained at Argyll Street with my own 
_ inflrument in its vertical poſition, and at St. Paul's with the 

| aſtronomical quadrant, Moreover, by way of finiſhing the 

operation, and furniſhing ſuch part of the inhabitants of the 

- metropolis as may be curious in matters of this fort with a ſet 


of diſtances that cannot fail to be uſeful to them, two new 


| ſtations were choſen for the great inſtrument to the northward 


of London, one on Hornſey Hill, and the other on Primroſe 


Hill. Thus, from the combined operations at theſe ſeveral 


— places, we have been able to determine the ſituation of thirty- 
ſeven conſpicuous points, conſiſting chiefly of the moſt re- 
markable ſteeples in and near the capital. 


By referring to Plate XI. which is in fact the ſkeleton, but on 


2 very ſmall ſcale, for an improved plan of London and its 


environs, the relative ſituation of theſe points with regard to : 


St. Paul's, and the four neareſt ſtations of the great ſeries, 
will be ſeen. Some of the W of theſe ſecondary tri- 


7 þ Le ang 


145 


145 
angles have been 


Sen. Roy's Account of 
repreſented by dotted lines in the pla. To 


have ex 1 more of them in that way would only have 


occaſioned confuſion. 
diſtance of Argyll Street from St. Paul's 


Here it is to be remarked, that the 
85 9632 feet, reſulting 


from the 10th.and 11th ſecondary triangles of the firſt ſet, be- 
comes A baſe in the quadrilateral formed by St. Paul's, . Argyll = 
Street, Hornſey Hill, and Primroſe: Hill. Hence, by the obſerved - 
angles at theſe two laſt ſtations, and the aſſumed length of 
one of the unknown ſides, all the angles of the quadrilateral 
are computed, by which means, and the true length of one 
*{ide given, the true lengths of all the others are . ob- fs 


A tained, 


_ 


| Situations determined by the great inſtrument from : 7 


Hornſey Hill and Primroſe Hill. : 


| Computation 0 of the ſecond ſer of ſecondary angles 


[Diſtances of the ations * | 
| the iaterſected object in feet. 
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That theſe ſecondary lips may be more generally uſefat 
to the inhabitants of London and its environs, the angles, 


| which the 53 points comprehended in Plate XI. reſpectively : 
form with each other at the center of the dome of St. Paul's, 


are collected in the annexed table, together with their ſeveral - 
diſtances from that central point. The objects are arranged 
into two claſſes, according as they are ſituated to the eaſtward 
or weſtward of the meridian of St. Paul's. Thoſe of the 
| firſt claſs commence at the north meridian, and proceed by the 
eaſt to 180% "Theſe of the ſecond commence at the ſouth. 
meridian, and proceed, in like manner, by the weſt to 180% 
From this table the total angle between any two objects being 
had by ſimple ſubtraction, and the diſtances from St. Paul's 
given, the diſtances of the objects from each other are readily 
obtained. Whoever, therefore, ſhould be defirous of know- 
ing accurately his own ſituation in this great metropolis may 


; _eaſily ſatisfy himſelf, by taking two angles from the top of 


his houſe, with a good HADLEV's ſextant or theodelet, be- 
tween any known objects near to him, and the beſt diſpoſed for 
the purpoſe. By the help of theſe data, and a very ſimple trigo- 
nometrical, computation, he will obtain what he wants; and he 
may even ſatisfy another curioſity which will probably occur, 
namely, that of putting to the teſt our original operation, by 
trying how nearly different triangles bring out the ſame reſult. 
It will readily be conceived mat, for trials of this ſort, the 
| points 


the Trigonometrical Operation, r 


points whoſe ſituations have been determined by the great in- 
ſtrument ſhould be choſen preferably to the others; and next 
to theſe, the objects that have been fixed by one angle, taken 
with the Argyll-Street inſtrument, as more to be relied upon, 


than thoſe obſerved with the aſtronomical quadrant or 


ſextant. Thus an excellent foundation is laid for the improve- 
ment of the plan of London and its environs, which may by 
theſe triangles be rendered more accurate than would have been 
1 by my other Wy . 
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Dome of St. Paul's. 
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785 2 mputed latitudes 20 Jongitades of ſome of the places in 
1 „ the above table. 1 | 
- 4 FVV [Longitude from Greenwich. 
Places. 4 Lititudes, — —— — 
I J 16 108 dogr. ce] io ine. - 
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Richmond Es — - | 51 28 7.9 e 18 42.3 o 1 14.82 : 


CONCLUSION. 


5 IN che courſe of this Paper, an account has been given of 
the commencement, progreſs, and completion of an operation, 

the firſt of its kind in this country, undertaken by the com- 
mand, and executed under the auſpices, of a moſt gracious and: 
| beneficent Sovereign, the Patron of the Sciences. 
From a liberal ſupply of much better in truments than ever 
were uſed for purpoſes of this ſort on any former occaſion, and 


every other aſſiſtance that could contribute towards ſucceſs, the 


operation has undoubtedly derived ſome peculiar advantages: I, 
for, beſides a more accurate mode of meaſuring the baſes than 
has herẽtofore been practiſed, the angles of the triangles have 
been obſerved ſo truly, that the relative geodetical ſituations. 


of the ſtations, as determined by plane trigonometrical com- 
155 putation, may be ſaid to be free from ſenſible error. 


The inſtrument too, by means of 1 its tranſit teleſcope, being: 
; admirably calculated for determining, with great preciſion, the 
true direction of the meridians, their convergence to each. 


other, and conſequently the differences of longitude,. have 
5 thereby 
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thereby been obtained by angular meaſurement alone, without 

any regard to difference of time, more or leſs erroneous even 

with the very beſt time-keepers, and not perhaps to be de- 
3 pended upon to nearer than half a ſecond, after taking a mean of 


a number of compariſons. This mode, by angular meaſure- 


ment, was ſuggeſted in the Paper of 1787; and we preſume 
to think, that the reſult of the operation has fully verified the 
goodueſs of the method by the conſiſtency of the pole-ſtar ob- 
ſervations among themſelves. It may be ſaid to be a new mode 
of ſurveying, by the help of the pole- ſtar as a fixed point, for 
preſerving the accuracy of the operation, ſucceſſively carried on 
ſrom meridian to meridian ; ; and the ſame mode ſhould be 
| adhered to in future. 
Another circumſtance muſt likewiſe be ü as having been 
propoſed at the ſame time, namely, the uſe of white lights 
for the diſtant tations : for without the help of theſe, ob- 
ſerved with ſuch an inſtrument as ours, it would have been 
_ utterly impoſſible to have determined accurately the diſtances of 
Montlambert and Blancnez, the firſt nearly forty-ſeven, and 
| the laſt nearly forty-eight miles from Fairlight Down. . 
Without farther recapitulation, the Writer of this Account 
5 cannot help conſidering it as being incumbent on him to recom- 
mend, that the trigonometrical operation, ſo ſucceſsfully be- 
gun, ſhould certainly be continued, and gradually extended 


over the whole iſland. Compared with the greatneſs of the 
_ object, the annual expence to the publick would be a mere trifle _ 


not worthy of being mentioned, In reality, a chief part of 
the expence, namely, that of fine inſtruments, has already 
been incurred; and it would be a pity indeed to ſuffer them to 
be laid vp and remain uſeleſs. The honour of the nation is con- 
cerned 1 in having at leaſt as good : a map of this as there f is of 


any 
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any other country. But, by proceeding with the work in the 
ſame manner as it has been begun, with more perfect inſtru- 
ments than have heretofore been uſed, and ſome of theſe ap- 
plied in a new way, a map of the Britiſh iſlands will at length 
be obtained, greatly e in pune: of Accuracy to any that 
is now extant. _ 

One additional lament. would certainly be wanted, that 
is, a zenith ſector for the determination of the latitudes, when 
the operation came to be extended to any conſiderable diſtance 
from the parallel of Greenwich. But this would not be ne- 
ceſſary at firſt ; while ſuch a one is preparing by Mr. RAus- 

DEN, and which he will no doubt render the compleateſt thing 
of the kind, the operation ſhould be continued in the parallel 
of Greenwich, or in the perpendicular of its meridian, quite 
to the weſtern ſide of the iſland in the manner following. 
In more than one place of this Paper we have had occaſion to 


expreſs our regret, that the recent ſeries of triangles did not afford 


diſtances ſufficiently great between points reciprocally viſible, 
for the beſt application of the pole-ſtar obſervations, to the de- 
termination of. the differences of longitude. It is believed,. 


that the obſervations themſelves are extremely near the truth, 


but not wholly free from error; therefore, whatever this may 
amount to,. on double or triple the diſtance it would certainly 
be reduced to one-half or one-third part. 
| Shooter's Hill, and Nettlebed Heights on the eaſtern ſkirt af ] 
Oxfordſhire, are reciprocally viſible at the diſtance. of about 
 forty-fix or forty-ſeven miles from each other. Nettlebed 
Heights, and a thin clump of. trees on the. Glouceſterſhire 
range of hills, called Paul's Epiſtle, about two miles weſtward 
from Frog Mill, on the left-hand fide of the road leading from 
thence to ener, may likewiſe be ſeen from each other at 
the. 
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the Jiſtanice of fifty or fifty-two miles. This laſt commands a 


moſt extenſive proſpect over the plain of the Severn and the 


Welch mountains to a great diſtance beyond it. Fen y- oel 
Hill, called alſo the Sugar-loaf of Abergavenny, in Mon- 
mouthſhire, would become the third ſtation to the weſtward; 
and two, or at moſt three, ſtations more would reach St. Da- 


1 vid's Head, oppoſite to Wexford in Ireland. 


hut let us ſuppoſe, in the firſt place, the ſeries of triangles 
to be extended only to the third ſtation, in all which ſpace it 
would be wholly unneceffary to obſerve any latitudes ; by the 
pole · ſtar obſervations, repeated a ſufficient number of times on 
both ſides of the pole, at each of the ſtations, the length of 
the degree of a great circle, perpendicular to the meridian, 
and conſequently the differences of longitude, would thereby be 
ce to the utmoſt preciſion, A determination of this ſort 
would abſolutely be concluſive, with regard to the length of the 
vertical and radius of the parallel in the latitudes of the reſpec- 
tive ſtations, aſcertainable by their diſtances from the TS 
dicular to the meridian of Greenwich. 
The ſecond part of the operation would be that of carrying 
a ſeries of triangles ſouthward from Pen-y-Voel Hill, in the 
direction of its meridian to the Britiſh Channel; and after- 
wards extending theſe triangles in the uſual manner over the 
whole ſouth part of the Wand between Kent and the Land's- 
End. 5 15 
1 beſides the zenith Saber, en circular muster was 
provided, and ſome additional annual expence allowed, in order 
to accompliſh more ſpeedily ſo great and uſeful a work, at the 
ſame time that the operations to the ſouthward were carrying 
on, the ſeries of triangles, in the direction of the meridian of 
Pen-y-Vael Fil, ſhould be continued.to the notthward through- 
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out the extent of the iſland till it fell into the Murray Frith, 

A new meridian might then be taken more to the weſtward, 

perhaps that of Inverneſs, or ſome hill near it, whereby the 

fſeries would be extended to the North. Sea, ane the coaſts 
ol Sutherland and Caithneſs. 

It is unneceſſary here to enter into any minute detail of whe 
ſhould be the ſucceeding parts to be carried preferably into exe- 
cution, as things of this fort would naturally preſent them» 

ſelves, in the courſe of ſuch important operations, to thoſe 

entruſted: with the direction. It is however ſufficiently ob- 
vious, that having, as above ſuppoſed, obtained the meaſure of 


a portion of the meridian amounting nearly to ſixteen degrees 
of latitude in continuity, between the Pyrenean mountains 


and the northern extremity of Britain, or more than one · ſixth 
part of the diſtance between the equator and the pole; the 
things of the next conſequence to be obtained would be, the 
meaſures of the radi of the vertical and parallel in the low- 
lands of Scotland, that is, in the latitude of Edinburgh, and 


again at the northern coaſt. In each of theſe ſituations it is 


evident, that about three degrees of longitude might be mea- 
ſured with great exactneſs. At the north, for inſtance, Cape 
Wrath: being made the central ſtation, from thence the Orkney 
Mandi to the eaſtward: and Buit of the Iſland of Lewes to the 
weſtward, being diſtinctly ſeen, would conſequently become the 
ſtations to the right and left. 
With regard to the uſe of white lights, ſo indiſpenſably ne- 
cCeſfſary in all operations of this ſort, no opportunities have yet 
offered of aſcertaining: with preciſion the immenſe diſtance to 
which they may be ſeen in favourable circumſtances of the 
weather, and' with: ſufficient elevation of the ſtations above the 


lea. , Thoſe commonly uſed 1 in the recent operation were only 
IG mR -: Three . 
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three or four inches j in diameter, and the largeſt but fix or ſeven 
Augmented to nine or ten inches, exhibited on the top of one 
high hill, and obſerved from the top of another, when there 
is no moonlight, and no rain or fog, they would probably be 
ſeen eighty or a hundred miles. In ſhort, wherever the moſt 
faint looming of the land in a very clear day can be diſcerned, the 
lights, from their extraordinary brilliancy, would undoubtedly 
be ſeen in a dark night, when the air was perfectly clear. 
Hence, it will readily be conceived, how eaſily. and accu - 
rately any trigonometrical operations that might be carrying 
on in England and Ireland at the ſame time might be connected 
with each other, by means of theſe lights, alternately exhibited 
and obſerved, for inſtance, on Brach-y-pw! Point, Holybead 
Hill, and the Je of Man, on one fide; and again on the 
mountains of Wicklow, bill f Howlth, and mountains La Mourne, ” 
on the other. N 7 5 | 
In the Paper of 1787, and again in ab we 3 151 occa- 
ſion to remark on the improbability of being able to determine 
the differences of longitude, by the inſtantaneous exploſion of 
light, ſo accurately as by angular meaſurement with a fine in- 
ſtrument, applied as it has been in the recent operation. But 
ſince, undoubtedly, there will be different opinions on this 
head, it will be very proper that both modes ſhould be tried, is 
that the reſults may be compared, 
Too the eaſtward of Greenwich, the ation for 3 on 
might be taken at Montlambert, Fienne Windmill, or at Folk- 
one Turnpike, in order to render the diſtance of the extremes 
ſtations as great as poſſible. Any of theſe points would be 
_ viſible from Crowborough Beacon, which would become the 
ſtation of the Engliſh aſtronomer with his clock and inſtru 
ments. That of the F rench aſtronomer would of courſe be 
| taken 
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taken in the moſt convenient place inland on the range of 
chalk hills, viſible from the place of exploſion, and the eaſieſt 

connected with the triangles of the meridian of Paris in the 
| neighbourhood of Helfaut and Bouvigny. Crowborough is about 
Fo miles diſtant from Montlambert, and a point in the direction 
of theſe two near Helfaut would be about 32 miles inland from 
5 Montlambert, which would give for the extreme diſtance about 
102 miles, 

If experiments of . ſame kind \ were to he- made to the 
weſtward of Greenwich, thoſe very ſtations, already propoſed 
for the continuation of the triangular operation, would be the 
; fitteſt that could be choſen for the purpoſe. 55 
Now, ſuppoſing the operations already mentioned in "the 


; parallel of Greenwich to be executed, the meridian of Pen-y- | 


Voel Hill extended to the northern extremity of Scotland, and 
three degreees of lougitude meaſured in that latitude, while 
the Eaſt India Company were carrying on operations of the 
ſame nature on the coaſt of Coromandel and in Bengal, every 
thing would then be done that Britain could do within her 
own dominions, in regard to the determination of the figure 
and dimenſions of the earth. If, after this, any doubts re- 
mained, theſe might eaſily be removed, by Portugal's mea- 
ſuring a degree or two of the meridian under the equator, aud 
alſo a portion of the earth's equatorial circumference ; while 
| ſome other nation repeated the operations at the polar circle, 
or made new ones {till nearer to the pole, if ſuch ſhould be 
found practicable, all which has been ſuggeſted in the Paper 
of 1787. For the farther illuſtration of this ſubject, it will be 
proper to refer to fig. 3. in Plate X. 

With regard to the execution of any future operation that 


185 may, and which it is hoped will, be hereafter undertaken. in 
| i Britain, 
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that is, the meaſurement of new baſes. In the execution bf 


ſured. But, with ſuch inſtruments as have been uſed in this 
country, a ſmaller number would ſuffice; and the beſt ſitua- 


: between Pen man Mawr and Beaumaris, . 

5 Berwick upon Tweed, 5 . . 
x Ing, 
between the mouth of the Don and Newburgh, 


| the mouths of the rivers Findhorn and Nairn, 
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Britain, there remains but one point more to be mentioned, 


the great map of France, no fewer than ſeveenteen were mea- 


tions for the purpoſe will naturally Pure res 3 in the 
courſe of the operations. 

Thoſe that immediately occur to the Writer of this 1 Me- 
moir, as likely to be found the moſt ou; are the Tong, 
On - 

1. On OO PTR in Somerſetſhire. 

2. On Boſton Fens in Lincolnſhire. 

3. On the ſands on the coaſt of North Wales 7 5 
{fat Tow water 
4. On the ſands between * and and [{fpring . 


5. On Kincairden and Flanders Moſs, weſtward from Str 1 5 


6. on the tand on the coaſt of Aberdevifhirs „ 
[at low water 
F. The ſands on the coaſt of Murray, between * tides. 15 


8. On the Moan morals, inland from the Whiten Head, on 


1 coaſt of Sutherland. 


In the meaſurement of theſe hls which ſhould not be 


leſs than ſix, but as often as poſſible even eight or ten miles in 
length, there would not be any neceſſity for that wonderful 
exactneſs that was requiſite for determining the length of the 


firſt and ſecond baſes on Hounſlow Heath and Romney Marſh. 


55 Suppoling them to be executed with the ſteel chain alone within 
a a few feet of the wor, it would be e ſufficient to ſhew 
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| that no error of any conſequence had accumulated in carrying 


on the operation to theſe diſtant points reſpectively, even as far 


as the remote ſhore of the Northern Ocean. 


Finally, in order to preſerve the primitive ſcale of diſtances, 


whereon the accuracy of the recent operation, and all future 


ones that may hereafter be connected with it, muſt always be 
ſuppoſed. to depend, it 1s indiſpenſably neceſſary to eſtabliſh, 


EL without loſs of time, ſome permanent marks at the extremities 
of the baſe on Hounſlow Heath“. Theſe ſhould be low cir- 
cular buildings, rifing but a few feet above the ſurface of the 


Heath, compoſed of the hardeſt materials, ſuch as granite, and 


conſtructed in the moſt durable manner by dove-tailing the 
| ſtones into each other. They would reſemble thoſe baſements 


of ancient crofles we often meet with, formed into regular 


ſteps, whereby the aſcent is rendered eaſy to the top of a 
circular table or platform, of ſufficient dimenſions for the re- 
5 ception of the great inſtrument on any future occaſion. 


In the interior part of theſe little buildings, metal tablets 
would be inſerted, containing the name of that much- beloved 
Monarch in whoſe reign the operation was begun, and theſe 
buildings executed; the diſtance from one to the other; the 
angle of the baſe with the meridian ; 'J and alſo the . 


variation. 


It is not to be doubted, 1 the reſpective lords of the ma- 
nors will readily veſt in the Royal Society, the property of the 


two > mall ſpots of the Heath ſufficient for the erection of thefe 


* Soon aſter the meaſurement of the "baſe, Mr. 371 mY F. R. S. at wy 


deſire, was ſo obliging as to give a deſign for a building of this kind, which, 


being conſtructed nearly in the way of the Eddyſtone Light-houle, executed -oy | 


the ingenious Mr, ua ren, would anſwer very well. 
0 | termini; 
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termini, They 1 mould be carried into immediate execution 2 
for, if this buſineſs ſhould be poſtponed for any length of time, . 
there will be danger of its being altogether n. Ina 
few years the wooden pipes ſunk in the earth will decay; and 
thus the primitive ſcale of diſtances, which coſt fo era 
labour and erpeues to obtain, will be N 2 8 
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